per 



BEST AVAILABLE COPY 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
A61K31/19, 31/36,31/41 
A61K 31/66, C07C 61/20, 62/32 
C07D 257/04, 317/50, 405/08 
C07F9/30,9/38 



Al 



(11) International Publication Number: 



(43) Internationa] Publication Date: 



WO 93/08799 



13 May 1993(13.05.93) 



(21) Internationa] Application Number : PCT/US92/09427 

(22) International Filing Date: 29 October 1992 (29.10.92) 



(30) Priority data: 
07/787,870 
07/854,195 



5 November 1991 (05.11.91) 
20 March 1992 (20.03.92) 



US 
US 



(60) Parent Applications or Grants 
(63) Related by Continuation 
US 

Hied on 
US 

Filed on 



07/787,870 (CIP) 
5 November 1991 (05.11.91) 
07/854,195 (CIP) 
20 March 1992 (20.03.92) 



(71) Applicant (for all designated States except US): SMITH- 
KLINE BEECHAM CORPORATION [US/US]; One 
Franklin Plaza, P.O. Box 7929, Philadelphia, PA 19101 
(US). 



(72) Inventors; and 

(75) Inventors/ Applicants (for US only) : COUSINS, Russell, 
Donovan [US/US]; 2053 Kings Row, Oxford, PA 19363 
(US). ELLIOTT, John, Duncan [GB/US]; 723 Old 
Eagle School Road, Wayne, PA 19087 (US). LAGO, 
Maria, Amparo [ES/US]; 701 Pondview Drive, Audu- 
bon, PA 19403 (US). LEBER, Jack, Dale [US/US]; 403 
Pine Run Road, Doylestown, PA 18901 (US). PEISH- 
OFF, Catherine, Elisabeth [US/US]; 1525 Richard 
Drive, West Chester, PA 19380 (US). 

(74) Agents: HALL, Linda, E. et al.; Smith Kline Beecham Cor- 
poration, Corporate Patents - U.S., UW2220, 709 Swede- 
land Road, P.O. Box 1538, King of Prussia, PA 
19406-0939 (US). 



(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CS, 
DE, DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG, 
MN, MW, NL, NO, PL, RO, RU, SD, SE, US , Euro- 
pean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, 
IE, IT, LU, MC, NL, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With international search report. 



(54) Title: ENDOTHELIN RECEPTOR ANTAGONISTS 



(57) Abstract 

Novel indane and indene derivatives are described which are endothelin receptor antagonists. 



-1r 



FOR THE PURPOSES OF INFORMATION ONLY 

of pamphlets publishing international 



Codes used to identify States party to the PCT on the front 
applications under the PCT. 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BP Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CP Control African Republic 

CG C<ongo 

CH Switzerland 

CI <^5ce dlvoirc 

CM Cameroon 

CS Czechoslovakia 

CZ Gecch Republic 

DE Ucrmany 

DK Denmark 

ES Spain 

PI Finland 



PR France 

GA Gabon 

GB United Kingdom 

GN Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KP Democratic Peopled Republic 

of Korea 

KR Republic or Korea 

KZ Kazakhstan 

LI licchtenstcin 

MC Srilanka 

|.U Ijixcmbourg 

MC Monaco 

MC Madagascar 

MI. Mali 

MN Mongolia 



MR 


Mauritania 


MW 


Malawi 


NU 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SB 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


SU 


Soviet Union 


TD 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United States or America 


VN 


Vict Nam 



WO 93/08799 



PCI7US92/09427 



5 



10 - 1 - . 

pmnTHF.T.TW BRfTEPTOR ANTAGONISTS 
EIELB QE TNVRNTTQN 

15 

The present invention relates to novel indane 
and indene derivatives, pharmaceutical compositions 
containing these compounds and their use as endothelin 
receptor antagonists. 

20 

BACKGROUND 

Endothelin (ET) is a highly potent 
vasoconstrictor peptide synthesized and released by the 

25 vascular endothelium. Endothelin exists as three 

isoforms, ET-1, ET-2 and ET-3. Of these, only ET-1 and 
ET-3 have been \found to be expressed in mammalian 
systems. [Unless otherwise stated "endothelin" shall 
mean any or all of the isoforms of endothelin] . 

30 Endothelin has profound effects on the cardiovascular 
system, and in particular, the coronary, renal and 
cerebral circulation. Elevated or abnormal release of 
endothelin is associated with smooth muscle contraction 
which is involved in the pathogenesis of cardiovascular, 

35 cerebrovascular, respiratory and renal pathophysiology. 
Elevated levels of endothelin have been reported in 
plasma from patients with essential hypertension, acute 
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myocardial infarction, subarachnoid hemorrhage, 
atherosclerosis, and patients with uraemia undergoing 
dialysis. 

la vivo , endothelin has pronounced effects on 

5 blood pressure and cardiac output. An intravenous bolus 
injection of ET {0.1 to 3 nmol/kg) in rats causes a 
transient, dose-related depressor response (lasting 0.5 
to 2 minutes) followed by a sustained, dose-dependent 
rise in arterial blood pressure which can remain 

10 elevated for 2 to 3 hours following dosing. Doses above 
3 nmol/kg in a rat often prove fatal. 

Endothelin appears to produce a preferential 
effect in the renal vascular bed. It produces a marked, 
long-lasting decrease in renal blood flow, accompanied 

15 by a significant decrease in GFR, urine volume, urinary 
sodium and potassium excretion. Endothelin produces a 
sustained antinatriuretic effect, despite significant 
elevations in atrial natriuretic peptide. Endothelin 
also stimulates plasma renin activity. These findings 

20 suggest that ET is involved in the regulation of renal 
function and is involved in a variety of renal disorders 
including acute renal failure, cyclosporine 
nephrotoxicity and chronic renal failure. 

Studies have shown that in si^a, the cerebral 

25 vasculature is highly sensitive to both the vasodilator 
and vasoconstrictor effects of endothelin. Therefore, 
ET may be an important mediator of cerebral vasospasm, a 
frequent and often fatal consequence of subarachnoid 
hemorrhage. 

3Q ET also exhibits direct central nervous system 

effects such as severe apnea and ischemic lesions which 
suggests that ET may contribute to the development of 
cerebral infarcts and neuronal death. 

ET has also been implicated in myocardial 

35 ischemia (Nichols et al. flr .T PUniffl . 99: 597-601, 1989 
and Clozel and Clozel, r ir r. RM-, 65: 1193-1200, 1989) 
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coronary vasospasm (Fukuda et al., Rur. J. Pharm. 165: 
301-304, 1989 and Luscher, Cire. 83: 701, 1991) heart 
failure, proliferation of vascular smooth muscle cells, 
(Takagi, Binrhem & Biophys. Rgs. Hommun.: 168: 537-543, 
• 5 1990, Bobek fit al- . Am. .7. Physiol. 258 ; 408-C415. 1990) 

and atherosclerosis, (Nakaki fit al*., Bioehem. & B-iophvs. 
Res, qnmmnn. 158: 880-881, 1989, and Lerman et al., Hsu 
En g. J. of Med. 325: 997-1001, 1991) . Increased levels 
of endothelin have been shown after coronary balloon 
10 angioplasty (Kadel fit al*. # No. 2491 circ. 82: 627, 
1990) . 

Further, endothelin has been found to be a 
potent constrictor of isolated mammalian airway tissue 
including human bronchus (Uchida et al. . Eur J. of 

15 Pharm. 154: 227-228 1988, LaGente, Clin, Exp. Allergy 
20: 343-348, 1990; and Springall et al, . Lancet, 337: 
697-701, 1991) . 

Endothelin has been associated with the 
induction of haemorrhagic and necrotic damage in the 

20 gastric mucosa (Whittle fit - - Br. J, Pharm. 95: 1011- 
1013, 1988); Raynaud's phenomenon, Cinniniello fit al- - 
Lancet 337: 114-115, 1991); Migraine (Edmeads, Headache, 
Feb. 1991 p 127); Sepsis (Weitzberg *t al,. CiX£« shock 
33: 222-227, 1991; Pittet et al. . Ann. Surg. 213: 262- 

25 264, 1991), Cyclosporin-induced renal failure or 

hypertension JF.nr- J- Pharmacol.. 180: 191-192, 1990, 
Kidney Int . 37: 1487-1491, 1990) and endotoxin shock and 
other endotoxin induced diseases (Biochem, Biophys, Res. 
Cnnwmin . . 161: 1220-1227, 1989, Acta PhysiQli SfiamL 137: 

30 317-318, 1989) . 

Thus, endothelin receptor antagonists would 
offer a unique approach toward the pharmacotherapy of 
hypertension, renal failure, cerebrovascular disease, 
myocardial ischemia, angina, heart failure, asthma, 

35 atherosclerosis, Raynaud 1 s phenomenon, ulcers, sepsis, 
migraine, glaucoma, endotoxin shock, endotoxin induced 
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multiple organ failure or disseminated intravascular 
coagulation, cyclosporin-induced renal failure and as an 
adjunct in angioplasty and prevention of restenosis. 

5 gTTMMARV OF TMVEMTTON 

This invention comprises indane and indene 
derivatives represented by Formula IV and 
pharmaceutical compositions containing these compounds, 

10 and their use as endothelin receptor antagonists which 
are useful in the treatment of a variety of 
cardiovascular and renal diseases including but not 
limited to: hypertension, acute and chronic renal 
failure, cyclosporine induced nephrotoxicity, stroke, 

15 cerebrovascular vasospasm, myocardial ischemia, angina, 
heart failure and atherosclerosis. 

This invention further constitutes a method 
for antagonizing endothelin receptors in an animal, 
including humans, which comprises administering to an 

20 animal in need thereof an effective amount of a compound 
of Formula (I) . 

TffiTfl fy.Tm nRfiPRTP T-rmj or the TNVF.NTION 

25 The compounds of this invention are 

represented by structural Formula (I) : 




wherein : 
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R X is -X(CH 2 ) n Ar or -X(CH 2 ) n R8 or 



"3 



-f- (CHa),, 



(c) 



R2 is hydrogen, Ar or (c) ; 
10 P x is -X(CH 2 ) n R 8 ; 

P 2 is -X(CH 2 ) n R 8 , or -XR 9 Y; 

R3 and R5 are independently hydrogen, Rn, OH, 
Cx_ 8 alkoxy, S(0) q Rn, N(R 6 ) 2 , Br, F, I, CI, CF 3 , NHCORg, 
~ R 11 C0 2 R 7' -XRg-Y or -X(CH 2 ) n R 8 wherein the methylene 
15 groups of -X(CH 2 ) n R 8 may be unsubstituted or substituted 
by one or more -(CH 2 ) n Ar groups; 

R4 is hydrogen, Rn, OH, Cx-salkoxy, 
S(0) q Rn,N(R 6 ) 2 , -X(Rn), Br, F, I, CI or NHCORg wherein 
the Cx_5alkoxy may be unsubstituted or substituted by 

20 OH, methoxy or halogen; 

Rg is independently hydrogen or Ci_4alkyl; 

R7 is independently hydrogen, Ci-galkyl or 

(CH 2 ) n Ar; 

R 8 is hydrogen, Rn, CO2R7, PO3H2, P <0) (OH)R7, 
25 CN, -C(0)N(R 6 ) 2 , tetrazole or ORg; 

R 9 is.Ci-ioalkyl' C 2 _ 10 alkenyl or phenyl all 

of which may be unsubstituted or substituted by one or 
more OH, N(Rg) 2 , COOH, halogen or XCx-salkyl; 

Rxo is R3 or R4; 
30 Rxi is Cx-salkyi, C 2 -salkenyl, C 2 _galkynyl all 

of which may be unsubstituted or substituted by one or 
more OH, CH 2 OH, N(Rg) 2 or halogen; 

X is (CH 2 ) n , 0, NRg or S(0) q ; 

Y is CH 3 or X(CH 2 ) n Ar; 

35 Ar is: 
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R- 



or 
R 



4 

(b) 



0 / or 



naphthyl, indolyl, pyridyl, thienyl, 
oxazolidinyl, oxazolyl, thiazolyl, isothiazolyl, 
pyrazolyl, triazolyl, tetrazolyl, ' imidazolyl, 
10 imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, 
thiadiazolyl, morpholinyl, piperidinyl, piperazinyl, 
pyrrolyl, or pyrimidyl; all of which may be 
unsubstituted or substituted by one or more R 3 or R 4 

groups; 

!5 A is C=0, or [C(R6)2W 

B is -CH2- or -0-; 

Zi and Z 2 are independently hydrogen, Ci- 
8 alkyl, C 2 - 8 alkenyl, C 2 _ 8 alkynyl, OH, Ci-tjalkoxy, 
S(0)qCi_ 8 alkyl, N(R 6 ) 2 . Br, F, I, CI, NHCOR 6 , 
20 -X(CH 2 ) n R 8 , Phenyl, benzyl or C 3 - 6 cycloalkyl wherein the 
d_ 8 al)cyl, C 2 _ 8 alkenyl or C 2 _ 8 alkynyl may be optionally 
substituted by COOH, OH, CO(CH 2 ) n CH 3 , CO (CH 2 ) n CH 2 N (R 6 ) 2 , 
or halogen; or Z 1 and Z 2 together may be -O-A-O- on 

contiguous carbons; 
25 Z 3 is Z 1 or XRgX; 

q is zero, one or two; 
n is an integer from 0 to six; 
m is 1, 2 or 3; 
and the dotted line indicates the optional presence of a 
30 double bond; or a pharmaceutically acceptable salt 
thereof; provided that 

• R 2 is not hydrogen when X is S(0) q ; 

• when the optional double bond is present 
there is only one Rio and there is no Pi; 

35 • the compound of Formula I is not (IRS) -1, 3- 

diphenylindene-2-carboxylic acid; (cis,cis)- 
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(1RS, 3SR) -1, 3-diphenylindane-2-carboxylic acid; 

(IRS) -3- [3-Methyl-l-phenyl- (1H) -ind-2-en-l-yl] 

propionic acid; or (IRS) -2 [1, 3-diphenyl- (1H) - 

ind-2-en-2-yl ] ethanoic acid . 

5 Also included in the invention are 

pharmaceutical^ acceptable salt complexes. 

All alkyl, alkenyl, alkynyl and alkoxy groups 

may be straight or branched. The term "halogen" is used 

to mean iodo, fluoro, chloro or bromo. Alkyl groups may 

10 be substituted by one or more halogens up to 

perhalogenat ion . 

The compounds of the present invention may 

contain one or more asymmetric carbon atoms and may 

exist in racemic and optically active form. All of 

15 these compounds and diastereoisomers are contemplated to 

be within the scope of the present invention. 

Preferred compounds are those wherein Rj is 

X(CH 2 ) n Ar, (Ar is (a) or (b) ) , dihydrobenzofuranyl, 

benzodioxanyl, cyclohexyl, Ci-4alkyl; R2 is (a) , (b) Ci_ 

20 4alkyl, indolyl or hydrogen; R3 and R5 are independently 
hydrogen, OH, Cj-salkoxy, halogen, -OCi_4alkyl phenyl, 
R n C0 2 R7, C 1 . 4 alkyl, N(R 6 ) 2 , NH(C0)CH 3# -X(CH 2 ) n R 8 , 
pyridyl, phenyl or S (0) p Ci_5alkyl; R4 is hydrogen, OH, 
Ci_salkoxy, halogen, Ci_ 4 alkyl, N(Rg) 2 , NH(CO)CH3 or 

25 S(0)pCi-5alkyl; Z\ 9 Z 2 and Z3 are independently XRgY, 
benzyl, hydrogen, OH, Ci-salkoxy, -N(Rg) 2 , S(0)qCi_ 
8alkyl, NHCORg, X(CH 2 ) n Rg or halogen, or Z\ and Z 2 
together may be -0-A-0 on contiguous carbons; Pi and P 2 
are independently hydrogen, C0 2 H or tetrazole; Ar is 

30 (a), (b), phenyl, or pyridyl; X is (CH 2 ) n or oxygen. 

More preferred are compounds wherein R3 is 
hydrogen or -X(CH 2 ) n Re, RnC0 2 R 7 ; R 4 and R 5 are 
independently hydrogen, OH, Ci-salkoxy, SCi-salkyl, F, 
Br, Ci-3alkyl or NH 2 ; Z\ and Z3 are hydrogen and Z 2 is 

35 hydrogen, OH, Ci-salkoxy, halogen, X(CH 2 ) n Rs, NH 2 , 

benzyl, NH(C0)CH3, or Z-± and Z 2 together may be O-A-O. 
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Most preferred are compounds wherein Ri is (b) 
and R 2 is (a) or (b) ; A is CH 2 , B is -0-; there is no 
optional double bond; Ri and XR 2 are trans to P x ; Z 2 is 
OH, Ci_5alkoxy r -0CH 2 CHCH 2 or hydrogen, Zj. is hydrogen; 
5 R 3 is hydrogen, X(CH 2 ) q COOH or CH=CHC0 2 H, R 4 is 

hydrogen, substituted phenyl, or C^alkoxy; and R5, Rio 
■ and P 2 are hydrogen. 

Especially preferred are the following 

10 compounds: 

(IRS , 2SR, 3SR) -1- (4-Methoxyphenyl ) -3- (3 , 4-methylene- 
dioxyphenyi) indane-2-carboxylic acid; 

(IRS, 2RS, 3SR) -5-Hydroxy-3- (4-methoxyphenyl) -1- (3 , 4- 
15 methylenedioxyphenyl) indane-2-carboxylic acid; 

(IRS, 2RS, 3SR) -5-Methoxy-3- (4-methoxyphenyl) -1- (3, 4- 
methylenedioxyphenyl) indane-2-carboxylic acid; 

20 (IRS, 2SR, 3SR*-l,3-Bis(3,4-methylenedioxyphenyl)-5- 
5-hydroxyindane-2-carboxylic acid; 

(IRS, 2SR, 3RS) -3- (2-Carboxymethoxy-4-methoxyphenyl) -1- 
(3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) -indane-2- 
25 carboxylic acid 

t 

(IRS, 2SR, 3SR) -3- (2-Carboxymethoxy-4-methoxyphenyl) -1- 
(2-methoxy-4, 5-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
indane-2-carboxylic acid 

30 

(IRS , 2SR, 3RS) -3- [2- (l-Carboxyeth-2-yloxy ) -4-methoxy- 
phenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
indane-2-carboxylic acid, bis-dicyclohexylamine salt; 
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(IRS, 2SR, 3SR)-3-[2-[ (E) -2-Carboxyethen-l-yl] -4- 
methoxyphenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l- 
yloxy) indane-2-carboxylic acid; 

5 (IRS, 2SR, 3SR)-3-[2-(2-Carboxyeth-l-yl)-4-methoxy- 
phenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
indane-2-carboxylic acid; 

(IRS, 2SR, 3RS) -3- [2- (3-Carboxyphenyl) -4-methoxyphenyl] -1- 
10 (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
carboxylic acid 

The present invention provides compounds of 
Formula (I) above 

15 



20 




(I) 



\ 

R2 



which can be prepared by a process which comprises: 

25 a) reacting a compound of Formula (2) wherein 

X is Ci-salkyl 



O 



30 




(2) 



35 with a substituted benzaldehyde or aldehyde of Formula (3) . 
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D-CHO 



(3) 



wherein D is Ar or (c) as defined in Formula I, in a 
suitable solvent such as benzene with a catalyst such 
5 piperidinium acetate at reflux to provide a compound < 
Formula (4) . 



O 



10 




(4) 



Cyclization of compound (4) in the presence 
15 of a suitable Lewis acid such as titanium tetra- 
chloride or aluminum chloride or alternatively when Z x 
is 3-OR (meta) (where R is Ci-salkyl, or benzyl) , 
trifluoroacetic acid, provides an indanone of the 
Formula (5) . 




(5) 



Dehydrogenation with 2,3-dichloro-5, 6-dicyano- 

1. 4- benzoquinone in an appropriate solvent or 
alternatively bromination with pyridinium hydrobromide 

30 perbromide in dichloromethane followed by treatment with 

1.5- diazabicyclo[4,3,0]non-5-ene provides indenones of 

Formula (6) . 



35 




(6) 
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b) Alternatively, a compound of Formula 6 
wherein Z 1# Z2 and Z3 are hydrogen and 



D = 




(CH 2 ) m 



10 can be prepared by treatment of 2-bromobenzoic acid with 
two equivalents of n-butyllithium in a solvent such as 
tetrahydrofuran under argon at -78 Z followed by the 
addition of an acid chloride of formula (7) : 



15 



20 




(7) 



provides a compound of formula (8) : 



25 



30 



H0 2 C 




(8) 



Treatment of compounds of type (8) with 
thionyl chloride at reflux gives an acid chloride which 
35 can be isolated by concentration under reduced pressure, 
This acid chloride can then be treated with diethyl 
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magnesium malonate in a solvent such as ether to give a 
compound of formula (9) : 



CpaX 



X0 2 C 




(9) 



Reaction of a compound of type (9) at reflux 
with 5% aqueous sodium carbonate gives compounds of 
15 formula (10): 



20 



25 



30 




(10) 



c) Treatment of an indenone of formula (11) 

O 




co 2 x 



(11) 



wherein Z lt Z 2 , Z 3 and R x are as defined for formula I 
35 or a group convertable to them, with an organomagnesium 
compound of Formula (12) wherein R 2 is defined for 
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R 2 (CH 2 ) n MgBr (12) 

Formula I or a group convertable to it, in a suitable 
solvent at 0°C provides compounds of formula (13) : 

5 



10 




(13) 



Saponification of compounds of formula (13) using 
sodium hydroxide in aqueous methanol followed by 
15 reduction with triethylsilane and boron trifluoride 

etherate in a suitable solvent such as dichloromethane 
at 0°C affords racemic compounds of formula (14) . 



20 




(14) 



25 Conjugate addition of nucleophiles to an ester derived 
from formula (14)/ followed by saponification affords 
compounds of formula (I) having an R^q other than 

hydrogen. Re- introduction of a double bond into an 
ester derived from such acids followed by conjugate 
30 addition of another nucleophilic species and subsequent 
saponification affords compounds of formula (1) in which 
neither Rio substituent is hydrogen. 

Reduction of compounds of formula (13) with 
triethylsilane and boron trifuoride etherate in a 
35 suitable solvent such as dichloromethane at 0°C followed 
by hydrogenation with hydrogen gas under pressure at 
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10 



25 



30 



35 



approximately 60 psi in the presence of a suitable 
catalyst such as 10% palladium on charcoal affords 
compounds of formula (15) : 




(15) 



Alkylation or acylation of the ester enolate 
derived from formula (15) affords compounds wherein Pi 
and P2 are as defined in formula (1) . 

15 Alternatively, hydrogenation of compounds of 

formula (13) with hydrogen gas under pressure at 
approximately 60 psi in the presence of a suitable 
catalyst such as 10% palladium on charcoal in a suitable 
solvent such as ethyl acetate or methanol- containing 1- 

20 5% acetic acid affords compounds of formula (15) . 

Treatment of these compounds with a base such as sodium 
hydroxide in a suitable solvent such as aqueous ethanol 
provides racemic compounds of formula (16) : 



(16) 



wherein Z lt Z 2 and Z 3 are hydrogen; R X = R 2 ; and n is 0. 
Treatment of compounds of formula (13) with 
triethylsilane and boron trifluoride etherate in a 
suitable solvent such as dichloromethane at 0«C followed 
by reaction with samarium II iodide in a suitable 
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solvent such as tetrahydrofuran and then saponification, 
provides compounds of formula (17) 



4 

5 




(17) 



10 With appropriate manipulation and protection 

of any chemical functionalities, synthesis of the 
remaining compounds of the Formula (I) is accomplished 
by methods analogous to those above and to those 
described in the Experimental section. 

15 in order to use a compound of the Formula (I) 

or a pharmaceutically acceptable salt thereof for the 
treatment of humans and other mammals it is normally 
formulated in accordance with standard pharmaceutical 
practice as a pharmaceutical composition. 

20 Compounds of Formula (I) and their 

pharmaceutically acceptable salts may be administered in 
a standard manner for the treatment of the indicated 
diseases, for example orally, parenterally, sub- 
lingually, transdermally, rectally, via inhalation or 

25 via buccal administration. 

Compounds of Formula (I) and their 
pharmaceutically acceptable salts which are active when 
given orally can be formulated as syrups, tablets, 
capsules and lozenges. A syrup formulation will 

30 generally consist of a suspension or solution of the 
compound or salt in a liquid carrier for example, 
ethanol, peanut oil, olive oil, glycerine or water with 
a flavouring or colouring agent. Where the composition 
is in the form of a tablet, any pharmaceutical carrier 

35 routinely used for preparing solid formulations may be 
used. Examples of such carriers include magnesium 



WO 93/08799 



PCT/US92/09427 



stearate, terra alba, talc, gelatin, agar, pectin, 
acacia, stearic acid, starch, lactose and sucrose. 
Where the composition is in the form of a capsule, any 
routine encapsulation is suitable, for example using the 

5 aforementioned carriers in a hard gelatin capsule shell. 
Where the composition is in the form of a soft gelatin 
shell capsule any pharmaceutical carrier routinely used 
for preparing dispersions or suspensions may be 
considered, for example aqueous gums, celluloses, 

10 silicates or oils and are incorporated in a soft gelatin 

capsule shell. 

Typical parenteral compositions consist of a 

solution or suspension of the compound or salt in a 

sterile aqueous or non-aqueous carrier optionally 
15 containing a parenterally acceptable oil, for example 

polyethylene glycol, polyvinylpyrrolidone, lecithin, 

arachis oil, or sesame oil. 

Typical compositions for inhalation are in the 

form of a solution, suspension or emulsion that may be 
20 administered as a dry powder or in the form of an 

aerosol using a conventional propellant such as 

dichlorodifluoromethane or trichlorof luoromethane . 

A typical suppository formulation comprises a 

compound of Formula (1) or a pharmaceutically acceptable 
25 salt thereof which is active when administered in this 

way, with a binding and/or lubricating agent, for 

example polymeric glycols, gelatins, cocoa-butter or 

other low melting vegetable waxes or fats or their 

synthetic analogues. 
3 q Typical transdermal formulations comprise a 

conventional aqueous or non-aqueous vehicle, for example 

a cream, ointment, lotion or paste or are in the form of 

a medicated plaster, patch or membrane. 

preferably the composition is in unit dosage 
35 form, for example a tablet, capsule or metered aerosol 

dose, so that the patient may administer to themselves a 
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single dose. 

Each dosage unit for oral administration 
contains suitably from 0.1 mg to 500 mg/Kg, and 
preferably from 1 mg to 100 mg/Kg, and each dosage unit 
5 for parenteral administration contains suitably from 0.1 
mg to 100 mg, of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof calculated as 
the free acid. Each dosage unit for intranasal 
administration contains suitably 1-400 mg and preferably 

10 10 to 200 mg per person. A topical formulation contains 
suitably 0.01 to 1.0% of a compound of Formula (I). 

The daily dosage regimen for oral 
administration is suitably about 0.01 mg/Kg to 40 mg/Kg, 
of a compound of Formula (I) or a pharmaceutically 

15 acceptable salt thereof calculated as the free acid. 
The daily dosage regimen for parenteral administration 
is suitably about 0.001 mg/Kg to 40 mg/Kg, of a compound 
of the Formula (I) or a pharmaceutically acceptable salt 
thereof calculated as the free acid. The daily dosage 

20 regimen for intranasal administration and oral 

inhalation is suitably about 10 to about 500 mg/person. 
The active ingredient may be administered from 1 to 6 
times a day, sufficient to exhibit the desired activity. 
No unacceptable toxicological effects are 

25 expected when compounds of the invention are 

administered in , accordance with the present invention. 

The biological activity of the compounds of 
Formula (I) are demonstrated by the following tests: 

30 I. Binding Assay 

A) Mpmhrane Preparation 

Rat cerebellum or kidney cortex were rapidly 
dissected and frozen immediately in liquid nitrogen or 
used fresh. The tissues, 1-2 g for cerebellum or 3-5 g 
35 for kidney cortex, were homogenized in 15 mis of buffer 
containing 20mM Tris HC1 and 5mM EDTA, pH 7.5 at 4°C 
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using a motor-driven homogenizer. The homogenates were 
filtered through cheesecloth and centrifuged at 20,000 x 
g for 10 minutes at 4 e> C. The supernatant was removed 
and centrifuged at 40,000 xg for 30 minutes at 4»C. The 
5 resulting pellet was resuspended in a small volume of 
buffer containing 50 mM Tris, 10 mM MgCl 2 , PH 7.5; 
aliquotted with small vials and frozen in liquid 
nitrogen. The membranes were diluted to give 1 and 5 mg 
of protein for each tube for cerebellum and kidney 

10 cortex in the binding assay. 

Freshly isolated rat mesenteric artery and 
collateral vascular bed were washed in ice cold saline 
(on ice) and lymph nodes were removed from along the 
major vessel. Then, the tissue was homogenized using a 

15 polytron in buffer containing 20 mM Tris and 5mM EDTA, 
pH 7.5 at 4°C in 15 ml volume for -6 gm of mesenteric 
artery bed. The homogenate was strained through 
cheesecloth and centrifuged at 2,000 xg for 10 min. at 
4°C. The supernatant was removed and centrifuged at 

20 4 0,000 xg for 30 min. at 4«C. The resulting pellet was 
resuspended as explained above for cerebellum and kidney 
cortex. Approximately 10 mg of membrane protein was 
used for each tube in binding experiments. 
B) [ i;>r tit;t-1 PilnrHmr pi-rn-nnoi 

25 [125i]et-1 binding to membranes from rat 

cerebellum (2-5, mg protein/assay tube) or kidney cortex 
(3-8 mg protein/assay tube) were measured after 60 
minutes incubation at. 30-C in 50 mM Tris HC1, 10 mM 
MgCl 2 , 0.05% BSA, pH 7.5 buffer in a total volume of 100 

30 ml. Membrane protein was added to tubes containing 
either buffer or indicated concentration of compounds. 
[125UET-1 (2200 Ci/mmol) was diluted in the same buffer 
containing BSA to give a final concentration of 0.2-0.5 
nM ET-1. Total and nonspecific binding were measured in 

35 the absence and presence of 100 nM unlabelled ET-1. 
After the incubation, the reactions were stopped with 
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3,0 ml cold buffer containing 50 mM Tris and 10 mM 
MgCl2/ pH 7.5. Membrane bound radioactivity was 

separated from free ligand by filtering through Whatman 
GF/C filter paper and washing the filters 5 times with 3 
5 ml of cold buffer using a Brandel cell harvester. 
* Filter papers were counted in a gamma counter with an 

efficiency of 75%. ICsq's for the compounds of this 

invention range from 0.1 nm to 50 \m. 



10 II. Tn Vjf.ro Vascular Smooth MusrlP Arf ivltv 

Rat aorta are cleaned of connective tissue and 
adherent fat, and cut into ring segments approximately 3 
to 4 mm in length. Vascular rings are suspended in 
organ bath chambers (10 ml) containing Krebs-bi carbonate 

IS solution of the following composition (millimolar) : 
NaCl, 112.0; KC1, 4.7; KH 2 P0 4 , 1.2; MgS0 4 , 1.2; CaCl2, 
2.5; NaHC03, 25.0; and dextrose, 11.0. Tissue bath 

solutions are maintained at 37 °C and aerated 
continuously with 95% O2/ 5% CO2. Resting tensions of 

20 aorta are maintained at 1 g and allowed to equilibrate 
for 2 hrs., during which time the bathing solution is 
changed every 15 to 20 min. Isometric tensions are 
recorded on Beckman R-611 dynographs with Grass FT03 
force-displacement transducer. Cumulative 

25 concentration-response curves to ET-1 or other 

contractile agonists are constructed by the method of 
step-wise addition of the agonist. ET-1 concentrations 
are increased only after the previous concentration 
produces a steady-state contractile response. Only one 

30 concentration-response curve to ET-1 is generated in 
each tissue. ET receptor antagonists are added to 
paired tissues 30 min prior to the initiation of the 
concentration-response to contractile agonists. 

ET-1 induced vascular contractions are 

35 expressed as a percentage of the response elicited by 60 
mM KC1 for each individual tissue which is determined at 
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the beginning of each experiment. Data are expressed as 
the mean ± S.E.M. Dissociation constants (K b ) of 
competitive antagonists were determined by the standard 
method of Arunlakshana and Schild. The potency range 
5 for compounds of this invention range from 0.1 nM to 50 
pn. 

The following examples are illustrative and 
are not limiting of the compounds of this invention. 

10 EX&MELE 1 

Hftp, isR )-i-M->tet:ho»vnhftnvl)-^-pnpnYl inriane- 

a) ^hyi /ips a n^flgdEfflgslz M-mefhnyvPhPTiYl ) 1=3= 

15 pheny] ^w-o-^rhnwi.tP. To dry magnesium turnings 
(0.88 g, 36 mmol) under an argon atmosphere was added, 
portionwise, a solution of p-bromoanisole (4.5 ml, 36 
mmol) in 5% THF/ Et20 (37 ml) . The resulting p-methoxy- 
phenyl magnesium bromide solution was added to a 

20 solution of ethyl l-oxo-3-phenylindene-2-carboxylate 
(5.0 g, 18 mmol) in Et 2 0 (300 ml) under an argon 
atmosphere at 0°C. The resulting mixture was allowed to 
warm to room temperature and was stirred for 10 min. 
The mixture was partitioned between 3M HC1 (100 ml) and 

25 EtOAc (200 mi) . The organic extract was washed 

successively with H 2 0, aqueous NaHC0 3 , H 2 0 and saturated 
aqueous NaCl and dried (Na2S0 4 ) . The solvent was 
removed in vacuo to provide a yellow oil which was 
treated with Et 2 0/ hexanes. The solid which formed was 

30 collected by filtration (3.47 g) . The filtrate was 
concentrated under reduced pressure and purified by 
flash chromatography. The material which was isolated 
was treated with Et 2 0/ hexanes, and the additional solid 
which formed (1.76 g, 75% total yield) was collected by 

35 filtration to afford the title compound. 
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b) Rfhyl (RSI -1- (4-Methoxyphenyl) -3-phenyl j 
rarhnxylatfi . To a solution of ethyl (IRS) [1-hydroxy-l- 
(4-methoxyphenyl) ]-3-phenylindene-2-carboxylate (4.65 g, 
12.0 mmol) in CH2CI2 (40 ml) at 0°C under an argon 

5 atmosphere was added triethylsilane (2.34 ml, 14.6 
mmol), followed by boron trifluoride etherate (8.8 ml, 
71 mmol) . The reaction mixture was allowed to warm to 
room temperature and stirred for 10 min, at which time 
was added slowly 3M HC1 (50 ml) . The mixture was 

10 extracted with EtOAc (150 ml) . The organic extract was 
washed successively with H2O, aqueous NaHC03, H2O and 
saturated aqueous NaCl and dried. The solvent was 
removed in vacuo, and the residue was purified by flash 
chromatography on silica gel, eluting with 10% EtOAc/ 

15 hexanes to provide the title compound (4.2 g, 95%) as a 
mixture of Al and A2 double bond isomers. 

c) Ethyl HRS. 2SR. 3SR) -1 - (4-Methoxvphenvl ) -3- 

phfinylinrianfi-^narhnxyl ate . To a solution Of ethyl 

20 (RS) -1- (4-methoxyphenyl) -3-phenylindene-2-carboxylate 
(5.75 g, 15 mmol) in EtOAc (150 ml) was added 5% 
palladium on activated carbon (600 mg) . The resulting 
suspension was stirred under an atmosphere of H2 for 1 
d, then was filtered through a pad of Celite. The 

25 filtrate was concentrated under reduced pressure to 

afford the title compound, which was used without 

» 

further purification. 

d) LLRSj 2BS • "* STn -l-M -MPthnyvphPnvll-VnhPnvl i.nriane-2- 
30 rfl rhfiv Y i^ arid . To a solution of ethyl (IRS, 2SR, 3SR) - 

1- (4-raethoxyphenyl) -3-phenylindane-2-carboxylate, (5.5 
g, 14.8 mmol) in EtOH (70 ml) was added 5M NaOH (9 ml, 
45 mmol) . The resulting mixture was stirred under an 
argon atmosphere for 1 d, at which time H20 (70 ml) was 
35 added. The mixture was concentrated under reduced 

pressure. The aqueous residue was extracted with Et20, 
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and the Et 2 0 extracts were discarded. The aqueous phase 
was acidified with 6M HC1 and extracted several times 
with EtOAc. The combined EtOAc extracts were washed 
successively with H20 and saturated aqueous NaCl and 
5 dried. The solvent was removed in vacuo to provide an 
oily residue which crystallized upon standing. The 
solid material was recrystallized from EtOAc/ hexanes to 
afford the title compound (4.25 g,83%); m.p. 164 - 

166°C. O0 
10 1h NMR (CDCI3) : 5 7.35 - 7.18 (m, 9H) ; 6.92 - 6.88 

(m, 4H); 4.68 (d, 1H, J - 10 Hz); 4.64 (d, 1H, 

J - 10 Hz); 3.81 (s, 3H); 3.34 (t, 1H, J - 10 Hz). 

H£ : 345 [(M+H) + l. 

Anal . Calc. for C23H20O3 : C, 80.21; H, 5.85. 
15 Found C, 80.21; H 6.03. 

EXAMPLE 2 

ft mm =J - ? - n ^ ^-^1-hnvvnhftnvl I - 

inf1fm°- ? -'" aT * >r>v,v11r: arAd 

20 a) Kt^Y 1 z^zii^todnixjaahfiDg] ) propenoats. to a 

solution of 4-hydroxybenzaldehyde (31.7 g, 0.26 mol) and 
ethyl benzoylacetate (45.5 ml, 0.26 mol) in EtOH (45 ml) 
under an argon atmosphere was added piperidine (2.6 ml, 
0.026 mol) and acetic acid (3 drops). After stirring at 
25 room temperature overnight, the resulting solid mixture 
was treated with hot EtOH (700 ml) , and then allowed to 
cool. The crystals which formed were collected by 
filtration to afford, the title compound (61.0 g, 79%). 

30 b) stayj i->** ™m -2= < 4-HvrtrmrvnTif nvl ) -1 -rnrnl ndana=2= 
earc02U gat& . To a mixture of ethyl 2-benzoyl-3- (4- 
hydroxyphenyDpropenoate (0.50 g, 1.7 mmol) in CH 2 C1 2 
(15 ml) at 0°C under an argon atmosphere was added 
titanium tetrachloride (0.93 ml, 8.3 mmol) . The 

35 resulting mixture was allowed to stir at room 

temperature overnight. The reaction was slowly quenched 
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with 3M HC1, then partitioned between EtOAc (50 ml) and 
3M HC1. The aqueous phase was extracted with EtOAc f and 
the combined organic extracts were washed successively 
with H2O and saturated aqueous NaCl, and dried (Na2S04> • 
5 The solvent was removed in vacuo, and the solid residue 
was recrystallized from EtOAc/ hexanes to afford the 
title compound (410 mg # 82%) . 

c) Ethyl f2RS-3SR>-3-M-»--am;ylrf1inftt:hvlfli 1 oxvnhftnvl ) -1- 
10 Qxoindane-2-earboxy late . To a solution of ethyl 

(2RS, 3SR) -3- (4-hydroxyphenyl) -l-oxoindane-2-carboxylate 
(3.0 g, 10.2 mmol) in DMF (10 ml) under an argon 
atmosphere were added imidazole (1.72 g, 25.3 mmol) and 
t-butyldimethylchloro-silane (1.82 g, 12.1 mmol). The 

15 resulting mixture was allowed to stir at room 

temperature for 3 d, then was poured into dilute aqueous 
HC1 and extracted with EtOAc (2x) . The combined organic 
extracts were washed successively with H2O, aqueous 
NaHC03, H2O and saturated aqueous NaCl and dried. The 

20 solvent was removed in vacuo to provide the title 
compound (5.40 g) which was used without further 
purification. 

d) Ethyl 3- ( 4-t>BiitvldimethvlsilQxynhenvl>-l-oxoindene- 
25 9-rarboxvlate . To a solution of ethyl (2RS, 3SR) -3- (4-t- 

butyldimethylsiloxyphenyl)-l-oxoindane-2-carboxylate 
(130 mg, 0.32 mmol) in CH2CI2 (3 ml) under an argon 
atmosphere was added 2, 3-dichloro-5, 6-dicyano-l, 4- 
benzoquinone (80 mg, 0.35 mmol). The resulting mixture 

30 was stirred for 2.5 h. Aqueous NaHS03 and EtOAc were 
added, and the mixture was stirred for 5 min. The 
aqueous phase was separated and extracted with EtOAc, 
and the combined organic extracts were washed 
successively with aqueous NaHC03, H2O and saturated 

35 aqueous NaCl and dried. The solvent was removed in 
vacuo, and the residue was purified by flash 
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chromatography on silica gel to afford the title 
compound (110 mg, 85%) . 

e) g<-hyi n r s v m-i— am-vl dimethyl si 1 nxvphpnvl ) =1= 

5 hyrimv^-i - M -n.ot- hownhAnvT v j nrtene-?-rarhoxvIate . To dry 
magnesium turnings (119 mg, 4.9 mmol) under an argon 
atmosphere was added, portionwise, a solution of p- 
bromoanisole (0.61 ml, 4.9 mmol) in 9 : 1 Et 2 0/ THF (10 
ml) . The resulting p-methoxyphenyl magnesium bromide 

10 solution was added to a solution' of ethyl 3-(4-t- 
butyldimethylsiloxyphenyl)-l-oxoindene-2-carboxylate 
(1.00 g, 2.5 mmol) in Et20 (60 ml) under an argon 
atmosphere at 0°C. The resulting mixture was allowed to 
warm to room temperature and was stirred for 5 min. The 

15 mixture was partitioned between 3M HC1 and EtOAc. The 
organic extract was washed successively with H2O, 
aqueous NaHC03, H2O and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo to provide the 
title compound (1.47 g) which was used without further 

20 purification. 

f) fii-hyi rest -1 - M-i— Bin- y 1 *-i™»i-hvi «1 1 nxvphenvl ) -3- (4- 
n p^vyphgn y 1 * <nrt»n«-?-n»rhnxvlata. To a solution of 
ethyl (IRS) -3- (4-t-butyldimethylsiloxyphenyl) -1-hydroxy- 

25 1- (4-methoxyphenyl) indene-2-carboxylate (2.5 mmol, 

prepared above), in CH2CI2 (10 ml) at 0°C under an argon 
atmosphere was added triethylsilane (0.48 ml, 3.0 mmol), 
followed by boron trifluoride etherate (1.8 ml, 14.6 
mmol) . The reaction mixture was allowed to warm to room 

30 temperature and stirred for 10 min, at which time was 
added slowly 3M HC1. The mixture was extracted with 
EtOAc. The organic extract was washed successively with 
H 2 0, aqueous NaHC0 3 , H 2 0 and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo, and the 

35 residue was purified by flash chromatography on silica 
gel, eluting with 15% Et 2 0/ hexanes to provide the title 
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compound as a mixture of Al and A2 double bond isomers 
(820 mg, 67% for two steps) . 

g) Rfhyl nRS -9SR-^SR^-i-M-i--Riitv1riiTnethvl- 

5 ] nvyphgnyl \ -3- f 4 -mpl-hnxvnhony 1 ^ inrianfr-?-r.arhnxvlate. 

To a solution of ethyl (RS)-3-(4-t-butyldimethylsiloxy- 
phenyl) -1- (4-methoxyphenyl) indene-2-carboxylate (mixture 
of Al and A2 double bond isomers) (750 mg, 1.5 mmol) in 
EtOH (25 ml) was added 5% palladium on activated carbon 
10 . (70 mg) . The resulting suspension was stirred under an 
atmosphere of H 2 for 18 h, then was filtered through a 
pad of Celite. The filtrate was concentrated under 
reduced pressure to afford the title compound (730 mg, 
97%), which was used without further purification. 

15 

h) Rl-hyl MBS.WS.MH1 -1- M-HvrtrOXVPhPTWl ) -3- (4- 
tnAi-hnvvnhA nvT 1 <nfiapa-9-rarhovv1 ate. To a solution of 
ethyl (IRS, 2SR, 3SR) -1- (4-t-butyldimethylsiloxyphenyl) -3- 
(4-methoxyphenyl)indane-2-carboxylate (723 mg, 1.4 mmol) 

20 in EtOH (20 ml) was added 1M NaOH (1.6 ml, 1.6 mmol), 
and the resulting mixture was stirred at room 
temperature for 30 min. The mixture was then 
partitioned between 3M HC1 and EtOAc. The aqueous phase 
was extracted with EtOAc, and the combined organic 

25 extracts were washed successively with H2O and saturated 
aqueous NaCl and dried. The solvent was removed in 
vacuo to afford the title compound (554 mg, 100%). 

±J F< .hyi (H s Mei-i .?-nw^-mPi-hnvvnhftnvl)inrianft-2- 
30 carhflaoOata . To a solution of ethyl (lRS,2RS,3SR)-l-(4- 
hydroxyphenyl) -3- (4-methoxyphenyl) indane-2-carboxylate 
(270 mg, 0.7 mmol) in acetonitrile (5 ml) at 0°C was 
added 1, 8-diazabicyclo [ 5.4.0 ]undec-7-ene (0.25 ml, 1.7 
mmol), followed by methyl iodide (0.5 ml, 8.0 mmol). 
35 The resulting mixture was allowed to warm to room 

temperature and was stirred overnight. The mixture was 
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partitioned between EtOAc and dilute aqueous HCl. The 
organic extract was washed with saturated aqueous NaCl 
and dried. The solvent was removed in vacuo, and the 
residue was purified by flash chromatography to afford 
5 the title compound (40 mg, 32% based on recovered 
starting material) . 

j) (tra n G _ j-r* V e\ -i - ^~rn M-mpi-hoxvrthpnvT ) i nriane-2- 
^K^nr- ae td . To a solution of ethyl (cis, cis)-l,3- 

10 di (4-methoxyphenyl) indane-2-carboxylate (35 mg, 0.09 
mmol) in EtOH (3 ml) was added 1M NaOH (0.25 ml, 0.25 
mmol) , and the resulting mixture was allowed to stir at 
room temperature overnight. Thin layer chromatographic 
analysis at this time indicated that the reaction was 

15 incomplete, so 5M NaOH (0.15 ml, 0.75 mmol) was added, 
and the mixture was allowed to stand at 0°C for 5 days. 
Water was added, and the mixture was concentrated under 
reduced pressure. The aqueous residue was extracted 
with Et 2 0 (2x) , and the Et 2 0 extracts were discarded. 

20 The aqueous phase was acidified with 6M HCl and 

extracted several times with EtOAc. The combined EtOAc 
extracts were washed successively with H 2 0 and saturated 
aqueous NaCl and dried. The solvent was removed in 
vacuo to provide an oily residue which crystallized upon 

25 standing. The solid material was recrystallized from 
EtOAc/ hexanes to afford the title compound (19 mg, 
59%); m.p. 192 - 193°C. 

1 H tjmr (acetone-de) : 5 7.25 (dd, 4H, J= 6.6 Hz, 2.1 
Hz); 7.21 - 7.18 (m, 2H) ; 6.92 (dd, 4H, J= 6.6 Hz, 
30 2 1 Hz); 6.86 - 6.83 (m, 2H) ; 4.59 (d, 2H, J - 10 Hz); 
3.79 (s, 6H); 3.26 (t, 1H, J = 10 Hz) . MS : 392 
t (M+NH 4 ) +1 . 

Anal. Calc. for C24H22O4 : C, 76.99; H, 5.92. 
Found C, 76.74; H 6.15. 
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-47- 
EXAMPLE 3 

/IPS , ZSB - -1- ( 4-Methnxvphttnvl ) >3- (3.4- 

m^hyl ^npriinxvphfinvl 1 indang-2-carboxvl j r. acid 

5 a) 7-1*. 4-Mg l-hvl gnedioxybgnzoy 1 1 hpny.nlg acid . To a 
solution of 2-bromobenzoic acid (12 g, 0.06 mol) in THF 
(200 ml) at -100 °C under an argon atmosphere was added 
dropwise n-butyl lithium (50 ml of 2.5M solution in 
hexanes, 0.125 mol), maintaining the temperature below - 

10 90°C. Upon completion of the addition, the resulting 
solution was stirred at -100°C for 1 h, at which time 
was added slowly a solution of piperonylic acid chloride 
(11 g, 0.06 mol) in THF (50 ml) , maintaining the 
temperature below -90°C. The resulting mixture was 

15 allowed to warm to -80°C and stirred for 1 h, then was 
allowed to slowly warm to room temperature and left to 
stand for 48 h. The reaction mixture was concentrated 
under reduced pressure, and the residue was partitioned 
between Et20 and 1M HC1. The organic phase was 

20 extracted with 10% aqueous NaOH. The NaOH extract was 
acidified with concentrated HC1, and the combined 
aqueous material was extracted with Et20. The Et20 
extract was dried (MgS04) and concentrated under reduced 
pressure. The residue was purified by flash 

25 chromatography on silica gel f eluting with a solvent 

gradient of 10 t 30% EtOAc/ 0.1% HOAc/hexanes to afford 
the title compound as an off-white solid (4.5 g, 28%). 

b) nHAt-hvl ?-\7- M. 4-MPt.hvlftnftdioxvhftnzov] )benzovl- 
30 tnaionate . A solution of 2- (3, 4-methylenedioxybenzoyl) - 
benzoic acid (4.0 g, 14.8 mmol) in thionyl chloride (30 
ml) was heated at reflux for 2 h, then allowed to cool 
and was concentrated under reduced pressure. The 
residue was dissolved in Et20 (50 ml) and to this was 
35 added a solution of diethyl magnesium malonate [prepared 
by the method of Walker and Hauser # JACS, 68, 1386 
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10 



15 



(1946) using magnesium (0.8 g, 33.3 mmol) and diethyl 
malonate (4.9 g, 30.6 mmol)] in Et 2 0. The resulting 
mixture was heated at reflux for 1 h, then allowed to 
cool and was poured into ice-cold 10% aqueous H 2 S0 4 (100 
ml). The aqueous phase was extracted with Et 2 0, and the 
combined organic material was washed with saturated 
aqueous NaCl and dried. The solvent was removed under 
reduced pressure to afford the title compound as an 
orange oil, which was used without further purification. 

c) Kt » Y i ^- LL 4 -i^h y i »n»rH n^mhenvl ) -1 -mrni nripnft- 2 - 
^rhnwiate . A solution containing diethyl 2-[2-<3,4- 
methylenedioxybenzoyDbenzoylmalonate (crude material 
prepared above) in 5% aqueous Na 2 C0 3 (100 ml) was heated 
at reflux for 10 min. The reaction mixture was then 
allowed to cool, and the aqueous material was removed by 
decantation. The residue was placed in H 2 0 (50 ml), and 
the mixture was heated at reflux, cooled and concentrat- 
ed under reduced pressure. The residue was 

20 recrystallized from hexanes to afford the title compound 
as a yellow solid (5.0 g, 100% for two steps) . 

d) p ml n ws) - i zBsteBBlzlz 1 4-mpl-hnxvpftpnyl ) -V (3, 4- 
msttoJ rnprti mrviftrnyT ) 1 nrlpnp-?-r^o*yl ate . a ^lution 
of 4-bromoanisole (0.89 g, 5.0 mmol) in 9 : 1 Et 2 0/ THF 
(10 ml) was added to magnesium turnings (0.105 g, 5.0 
mmol) , and the resulting mixture was allowed to stir for 
30 min. The resultant 4-methoxyphenyl magnesium bromide 
was added dropwise to a solution of ethyl 3- (3, 4- 
methylenedioxyphenyl) -l-oxoindene-2-carboxylate (0 . 77 g, 
2.4 mmol) in 10 : 1 Et 2 0/ THF (55 ml) at 0 C. The 
resulting mixture was stirred at 0'C for 1 h and was 
then partitioned between EtOAc and 1M HC1. The aqueous 
phase was extracted with EtOAc, and the combined organic 
extracts were washed successively with 5% aqueous NaHC0 3 
and saturated aqueous NaCl and dried (MgS0 4 ) . The 



25 



30 



35 
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solvent was removed under reduced pressure, and the 
residue was purified by flash chromatography on silica 
gel, eluting with 10% EtOAc/ hexanes to afford the title 
compound as a yellow glassy solid (0.80 g, 80%). 

5 

e) Ethyl (RS) -I - (4-Mftthoxyphftnyl ) -3- f 3, 4-mftthylfine- 
riioxyphftnyl ) inctenft-2-carbPxy late . To a solution of 
ethyl (IRS) -1-hydroxy-l- (4-methoxyphenyl) -3- (3, 4- 
methylenedioxyphenyl)-indene-2-carboxylate (0.80 g, 1.9 

10 mmol) in CH2CI2 (10 ml) at 0°C under an argon atmosphere 

was added triethylsilane (0.28 g, 2.4 mmol), followed by 
boron trifluoride etherate (1 ml, 8.1 mmol). The 
resulting solution was stirred at 0°C for 10 min, and 
was then partitioned between EtOAc and 3M HC1. The 

15 organic extract was washed with saturated aqueous NaCl 
and dried (MgS04) . The solvent was removed in vacuo, 
and the residue was filtered through a pad of silica 
gel, eluting with CH2CI2. The title compound (mixture 
of Al and A2 double bond isomers) was obtained as a 

20 glassy, yellow solid (0.72 g, 94%). 

f) Ethyl (1RS,2RS, 3SR) -1- H-Mfithoxyphftnyl I -3- (3,4- 

mgthyl^nerii nxvphenvn indanP-?-parboxvlate . To a 
solution of ethyl (RS) -1- (4-methoxyphenyl) -3- (3, 4- 
25 methylenedioxyphenyl) -indene-2-carboxylate (0 . 72 g, 1.7 
mmol) in EtOH (30 ml) was added 10% palladium on 
activated carbon (1 g) . The resulting suspension was 
stirred under an atmosphere of H2 for 56 h and filtered. 

The filtrate was concentrated under reduced pressure to 
30 afford the title compound as a yellow solid (0.70 g, 
95%), which was used without further purification. 

g) UJBfix2SRi 3SEJ zlz M-Methoxvphftnvl \ -3- (3.4- 
TnPi-hyl^np H^vynhenyl^ indanfi-2-carboxvl ic acid. To a 

35 solution of ethyl (IRS, 2RS, 3SR) -1- (4-methoxyphenyl) -3- 
(3, 4-methylenedioxyphenyl) indane-2-carboxylate (0.10 g, 
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0.2 mmol) in EtOH (5 ml) was added a solution of sodium 
hydroxide (0.10 g, 2.5 mmol) in H 2 0 (2 ml). The 
resulting mixture was stirred at room temperature 
overnight. The mixture was acidified, and the solid 
5 which formed was collected by filtration and dried under 
reduced pressure to afford the title compound as a tan 
solid (0.04 g, 86%) . 

i H nmr (CDC1 3 ) : 8 7.25 (m, 5H) ; 6.90 (m, 4H) ; 6.77 
(d r 2H, J= 7 Hz); 5.95 (m, 2H) ; 4.61 <d, 2H, J = 10 
10 Hz); 3.81 (s, 3H); 3.25 (t, 2H, J — 10 Hz). MS : 387 
[ (M-H+] . 

Anal . Calc. for C 2 4H20O5' 1 /8 H 2 0 : C, 73.79; H, 5.22. 
Found C, 76.73; H 5.21. 

EX&MELE * 

15 QBS 2SSL ^»>-i-^-Finnmnhwiv1>»3-f3r4- 

acid 

a) ?lt * Y i n -1- f/»-Pii T n r »p^nvi i -1 -hydroxy- V (3.4- 

20 solution of ethyl 3-(3,4-methylenedioxyphenyl)-l- 

oxoindene-2-carboxylate (100 mg, 0.31 mmol) in THF (5 
ml) under an argon atmosphere at 0°C was added a 
solution of freshly prepared 4-fluorophenyl magnesium 
bromide (0.62 mmol). After stirring for 45 min, the 

25 mixture was partitioned between 3M HC1 and EtOAc. The 
organic extract, was washed successively with H2O, 5% 
aqueous NaHC03 and saturated aqueous NaCl.. The solvent 
was removed in vacuo,. and the residue was purified by 
flash chromatography, eluting with 15% EtOAc/ hexanes to 

30 afford the title compound (45 mg, 35%) . 

b) n w IPS! - 1 - M-gi norrrnhprwl > -3- (3 , 4-H)PfhVl finfi- 

rf1 nT T Yr v^™i v ^ nirnr =2=car faaaU ate - to a solution of 
ethyl (IRS) -1- (4-fluorophenyl) -l-hydroxy-3- (3, 4- 
35 methylenedioxyphenyl)indene-2-carboxylate (45 mg, 0.11 
mmol) in CH 2 C1 2 (3 ml) at 0°C was added triethylsilane 
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- 31- 

(38 Hi, 0.24 mmol), followed by boron trifluoride 
etherate (121 Ul, 0.98 mmol). The reaction mixture was 
allowed to warm to room temperature and stirred for 15 
min, at which time was added slowly 3M HC1. The mixture 
was extracted with EtOAc. The organic extract was 
washed successively with H2O, 5% aqueous NaHC03 and 
saturated aqueous NaCl. The solvent was removed in 
vacuo to provide the title compound (40 mg, 90%) as a 
mixture of Al and A2 double bond isomers. 



c) F-i-hyT MRS - 7RS. 3S B1 -1 - /4-F1 iinronhenvl) -3- (3 . 4- 
mofhyl «n«f H nvyphianvl 1 j nrianP-7-rarhoxvl ate . TO a 
solution of ethyl (RS) -1- (4-fluorophenyl) -3- (3, 4- 
methylenedioxyphenyl)indene-2-carboxylate (40 mg, 0.10 

15 mmol) in EtOH (3 ml) was added 10% palladium on 

activated carbon (45 mg) . The resulting suspension was 
stirred under an atmosphere of H2 overnight, then was 
filtered through a pad of Celite. The filtrate was 
concentrated under reduced pressure to afford the title 

20 compound (40 mg, 100%) , which was used without further 
purification. 

d) MRS. ?SP . ^SRl-l-t4-F1imrnnhftnvll-3-(3.4- 
^j-hylgnpr HftvyphPnvl H nriane-2-carfroxvliC acid. To a 

25 solution of ethyl (IRS, 2RS, 3SR) -1- (4-fluorophenyl) -3- 
(3,4-methylenedioxyphenyl)indane-2-carboxylate (60 mg, 
0.15 mmol) in EtOH (0.5 ml) was added 6M KOH (0.14 ml, 
0 . 84 mmol) . The resulting mixture was allowed to stir 
at room temperature overnight, then was concentrated 

30 under reduced pressure. The residue was partitioned 
between H 2 0 and Et 2 0. The aqueous phase was acidified 
with 3M HC1 and extracted several times with EtOAc. The 
combined EtOAc extracts were washed successively with 
H2O and saturated aqueous NaCl and dried (MgS0 4 ) . The 

35 solvent was removed in vacuo to afford an oil, which was 
crystallized from EtOAc/ hexanes. The title compound 
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was obtained as an off-white crystalline solid (22 mg, 
39%) ; m.p. 146 - 149°C. 

l fl kmr (CDC1 3 ) : 8 7.23 (m, 4H) ; 6.96 (m, 1H) ; 6.90 
(m, 1H); 6.79 (s, 2H); 6.75 < S/ IB) ; 5.96 (m, 2B) # 
5 4.62 (apparent br t, 2H, J - 10 Hz); 3.25 ft. 1H, J- 
10 Hz) . 

MSm/e (rel. int.) : 753 [(2M+D+, 3]. 

anal . Calcd. for C23H17FO4: C, 73.40; H, 4.55. 

Found: C, 73.19; H, 4.45. 

1Q P.Y&MPT.F. 5 

/IPS. ?s q , ^P\-1-(VMoi-hnvvr.hPmM>-V(3,4- 

ne m n onoHi n Xy r ^ y i } inriiinn-^-rwrhoyYl 1 C acid 

a) stag nB^ - hV^-i-n-^hnxvPhPTiYl )-Vf3.4-r 

15 netma a noH^ aaaBbanyJ ) 1 adana=2^arhoggJ ate ♦ to a 
solution of ethyl 3-(3,4-methylenedioxyphenyl)-l- 
oxoindene-2-carboxylate (100 mg, 0.31 mmol) in THF (2 
ml) under an argon atmosphere at 0 e C was added a 
solution of freshly prepared 3-methoxyphenyl magnesium 

20 bromide (0.31 mmol). After stirring for 15 min, 

additional 3-methoxyphenyl magnesium bromide (0.06 mmol) 
was added. Stirring was continued for 45 min, at which 
time thin layer chromatographic analysis indicated that 
the reaction was incomplete. Additional 3-methoxy- 

25 phenyl magnesium bromide (0.12 mmol) was added. After 
stirring for 2 h more, the mixture was partitioned 
between 3M HC1 and BtOAc. The organic extract was 
washed successively with H 2 0, 5% aqueous NaHC0 3 , H 2 0 and 
saturated aqueous NaCl. The solvent was removed in 

30 vacuo, and the residue was purified by flash 

chromatography, eluting with 15% EtOAc/ hexanes to 
afford the title compound (150 mg, 100%) . 

35 ^ ^ i Sa^fi^^^^ 3 *° » *°^ on ° f 
ethyl (lRS)-l-hydroxy-l- (3-methoxyphenyl) -3- (3, 4- 
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methylenedioxyphenyl)-indene-2-carboxylate (150 mg, 0.35 
mmol) in CH2CI2 was added triethylsilane (67 ul, 0.42 
nunol) , followed by boron trifluoride etherate (213 \H, 
1.73 mmol) . The reaction mixture was allowed to stir 
5 for 30 min, at which time was added slowly 5% aqueous 
HC1. The mixture was extracted with EtOAc. The organic 
extract was washed successively with H2O, 5% aqueous 
NaHC03, H2O and saturated aqueous NaCl and dried 

(MgS04) . The solvent was removed In vacuo, and the 
10 residue was purified by flash chromatography, eluting 
with 10% EtOAc/ hexanes to provide the title compound 

(45 mg, 31%) as a mixture of Al and A2 double bond 
isomers . 

15 C ) EttoJ tBS - 2B&. MRl-1-n-M*»hnirvph«nvJ)-3-(3.4- 
mAt-hYlf>npH<nvYnh»nv1 H nrianft-2-carhOXVlate. TO a 

solution of ethyl (RS) -1- (3-methoxyphenyl) -3- (3, 4- 
methylenedioxyphenyl)indene-2-carboxylate (45 mg, 0.11 
mmol) in EtOH (3 ml) was added 10% palladium on 

20 activated carbon (45 mg) . The resulting suspension was 
shaken on a Parr hydrogenator at 50 psi H2 overnight, 
then was filtered through a pad of Celite. The filtrate 
was concentrated under reduced pressure to afford the 
title compound (43 mg, 94%) , which was used without 

25 further purification. 

d) mps. 7BR. "Uri -l-n-MPl-hoxvphenvl) -3-Q.4- 
n^i-hyl gngrf -i nvyphonvl \ ^ nriang-2-rarhoxvl i c acid. To a 
solution of ethyl (IRS, 2RS, 3SR)-1- (3-methoxyphenyl) -3- 

30 (3, 4-methylenedioxyphenyl)indane-2-carboxylate (43 mg, 
0.10 mmol) in EtOH (1 ml) was added 6M KOH (0.10 mL, 
0.60 mmol). The resulting mixture was allowed to stir 
at room temperature overnight, then was partitioned 
between H2O and Et20. The aqueous phase was acidified 

35 with 3M HC1 and extracted several times with EtOAc. The 
combined EtOAc extracts were washed successively with 
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H 2 0 and saturated aqueous NaCl and dried (MgS04) . The 
solvent was removed in vacuo to afford an oil, which was 
crystallized from Et 2 0/ hexanes. The title compound was 

obtained as a solid; m.p. 131 - 133 C. 
5 i ff wmr CCDCI3) : 5 7.21 (m, 3H) ; 6.97 - 6.73 (m, 8H) ; 

5.95 (m, 2H); 4.61 (apparent br t, 2H, J = 9 Hz) t 3.67 

<s, 3H); 3.30 (t, 1H, J= 9 Hz). 

MSm/e (rel. int.) : 777 t(2M+l) + , 65]. 

Anal . Calcd. for C24H20O5: C, 74.21; H, 5.19. 
10 Found: C, 74.71; H, 5.47. 

BV&MPT.R 6 

H« -1 , ^-n< - n . 4-TiuM-hvl Pnedi ovvPtipnYl ) - 

ft Y *™^ nri.n, ^-^rh.»vi a t e . To dry magnesium turnings 
(0.25 g, 10 mmol) under an argon atmosphere was added a 
solution of 4-bromo-l,2-methylenedioxybenzene (2.1 g, 10 
mmol) in 1 : 10 THF/ Bt 2 0 (22 ml) . The resulting 

20 solution was allowed to stir at room temperature for 2 
h. During this time, additional THF (4 ml) was added. 
The resulting 3,4-methylenedioxyphenylmagnesium bromide 
was added to a_solution of ethyl 3- (3,4-methylenedioxy- 
phenyl)-l-oxoindene-2-carboxylate (0.50 g, 2 mmol) in 

25 1:4 THF/ Et20 (25 ml) under an argon atmosphere at 
0°C. The resulting mixture was stirred at 0°C for 15 
min, at which time 1M HC1 (50 ml) was added. The phases 
were separated and the aqueous phase was extracted with 
Et 2 0. The combined organic extracts were washed with 

30 saturated aqueous NaCl and dried (MgS0 4 ) . The solvent 
was removed in vacuo, and the residue was purified by 
flash chromatography, eluting with 10% EtOAc/ hexanes to 
afford the title compound as a yellow solid (0.29 g, 
42%) . 
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9>r.arhnxvlate . To a solution of ethyl (lRS)-l,3-di- 

(3, 4-methylenedioxyphenyl) -l-hydroxyindene-2-carboxylate 

5 (0.29 g, 0.65 mmol) in CH2CI2 (3 ml) at 0°C under an 
argon atmosphere was added triethylsilane (91 mg, 0.78 
mmol), followed by boron trifluoride etherate (0.3 ml, 
2.4 mmol). The reaction mixture was stirred for 10 min, 
at which time was added ice-cold 1M HC1, and the mixture 

10 was extracted with EtOAc. The organic extract was 
washed with saturated aqueous NaCl and dried (MgS04) . 
The solvent was removed in vacuo, and the residue was 
placed on a small pad of silica gel, eluting with CH2CI2 
to provide the title compound (257 mg, 92%) . 

15 

c) p.i-*yi hrs . ^Rg^i.3-n^-r^.4-mPi-hv1ftnRdioxv- 
phenyl 1 tnrianP-2-rarboxvlate . Ethyl <RS) -1, 3-di- (3, 4- 
Methylenedioxyphenyl)indene-2-carboxylate (163 mg, 0.38 
mmol) was placed in MeOH (0.05 ml), and to this was 

20 added Sml2 (10 ml of 0.1M solution in THF, 1.0 mmol). 
The resulting mixture was stirred under an argon 
atmosphere overnight, at which time thin layer 
chromatographic analysis indicated that the reaction was 
incomplete. Additional Sml 2 (5ml of 0.1M solution in 

25 THF, 0.5 mmol) was added, and stirring was continued for 
2 h. The reaction mixture was partitioned between Et20 
and 5% aqueous Na 2 S 2 03. The organic extract was washed 
with saturated aqueous NaCl and dried (MgS04) . The 
solvent was removed under reduced pressure, and the 

30 residue was purified by flash chromatography, eluting 
with 10% EtOAc/ hexanes to afford the title compound as 
a colorless, glassy solid (120 mg, 75%) . 

d) f i pg , ^msi -i ^-n* - n 4-m*i-hvi gnprfi nxvnhenvl ) indane- 
35 p-rarhoxyi-lr; acid . To a solution of ethyl (IRS, 3RS)- 

1, 3-di- (3, 4-methylenedioxyphenyl) indane-2-carboxylate 
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(75 mg, 0..17 mmol). in EtOH (20 ml) was added NaOH (0.10 
g , 2.5 mmol) . The resulting mixture was allowed to stir 
at room temperature for 3 d, at which time thin layer 
chromatographic analysis indicated that the reaction was 
5 incomplete. The mixture was then heated at reflux for 
36 h, allowed to cool and was concentrated under reduced 
pressure. To the residue was added concentrated HC1, 
and the solid which formed was collected by filtration 
and dried. The solid was triturated with boiling 
10 hexanes to afford the title compound as a white solid 
(50 mg, 73%); m.p. 182 - 185°C. 

l fl nmr (CDC1 3 ) : 8 7.25 <m, 2H) ; 7.15 <m, 1H) ; 7.00 
(m, 1H); 6.76 (s, 2H) ; 6.68 <m, 2H) ; 6.50 (dd, 1H, 
,7=8, 1 H2); 6.40 (d, 1H, J= 2 Hz); 5.94 (s, 2H) ; 
15 5.90 (d, 1H, J= 1 Hz); 5.87 (d, 1H, J - 1 Hz); 4.84 
(d, 1H, J - 10 Hz); 4.78 (d r 1H, J= 10 Hz); 3.63 (dd, 
1H, J - 10 Hz, 9 Hz) . 
MS : 402 (M) + . 

Anal. CalCd. for C 2 4Hi80 6 -l/5 H 2 0: C, 71.00; H, 4.52. 

20 Found: C, 71.13; H, 4.46. 

FrXftMPTiB 7 

(trans transit vni-n,4-BprnYlfnPf11mfYnHfnYH1n(1nnw- 

?w?arbf }fly < Hr arid 

25 a) Bf tiTT clakJ ^n<-^.4^M-timwiHl4mfvn!mnYl)- 

jnrtnr - ? . p9 ^ w i^ e . To a solution of ethyl (RS)-1,3- 
di- (3, 4-methylenedioxyphenyl) indene-2-carboxylate (93 
mg, 0.22 mmol) in EtOH (2 ml) was added 10% palladium on 
activated carbon (0.10 g) . The resulting suspension was 

30 shaken on a Parr hydrogenator at 55 psi H 2 for 2 d, then 
was filtered through a pad of Celite. The filtrate was 
concentrated under reduced pressure to afford the title 
compound (45 mg, 48%) as a glassy, yellow solid, which 
was used without further purification. 
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b) ft-rans. transi-1 . 3-Di - □ - 4-methvlenerii nvvnhpnvl)- 

acid . To a solution of ethyl (cis, 
cis) -1, 3-di- (3, 4-methylenedioxyphenyl) indane-2- 
carboxylate (45 mg, 0.1 mmol) in 2 : 1 EtOH/ H2O (15 ml) 

5 was added sodium hydroxide (50 nig, 1.2 mmol) . The 
resulting solution was allowed to stir at room 
temperature overnight, then was concentrated under 
reduced pressure. The residue was treated with 
concentrated HC1, and the solid which formed was 
10 collected by filtration and dried. The solid was 

recrystallized from Et20/ hexanes to afford the title 
compound as a light tan solid (12 mg, 30%); m.p. 188 - 
191°C. 

EXAMPLE 8 
phenyl indane-2-carboxy 1 i c acid 

a) Ethyl (IRS) -1-Hydroxy-l- (3 1 4-mef,hylenediQxyphenyl) - 

3-phenvlindene>2>carbQxylat^. To a solution of ethyl 1- 
20 oxo-3-phenylindene-2-carboxylate (1.0 g, 3.6 mmol) in 

THF (35 ml) under an argon atmosphere at 0°C was added a 
solution of freshly prepared 3, 4-methylenedioxyphenyl 
magnesium bromide (5.4 mmol). After stirring for 30 
min, the mixture was partitioned between 3M HC1 and 
25 EtOAc . The organic extract was washed successively with 
H2O, 5% aqueous NaHC03 and saturated aqueous NaCl and 
dried (MgS04) . The solvent was removed in vacuo, and 
the residue was purified by flash chromatography, 
eluting with 10% EtOAc/ hexanes to afford the title 
30 compound (1.03 g, 72%). 

b) *i-hyl (RS) -1 - (3. 4-Mfrthvlenedioxvphenvl) -3-phenvl- 

j nripnft-7-rarhnxvlate . To a solution of ethyl (IRS)-l- 
hydroxy-1- (3, 4-methylenedioxyphenyl) -3-phenylindene-2- 
35 carboxylate (1.03 g, 2.58 mmol) in CH2CI2 (40 mL) was 
added triethylsilane (0.49 ml, 3.07 mmol), followed by 
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boron trifluoride etherate (1.55 ml, 12.6 mmol) . The 
reaction mixture was allowed to stir for 15 min, at 
which time was added slowly 3M HC1. The mixture was 
extracted with EtOAc. The organic extract was washed 
5 successively with H 2 0, 5% aqueous NaHC0 3 and saturated 
aqueous NaCl. The solvent was removed in vacuo to 
provide the title compound (1.00 g, 100%) as a mixture 
of Al and A2 double bond isomers. 

10 C ) ffl-nyl ™* ^-i-(3^-MM-TiYlfnff»mrYTtfifnYl)- 

,. rhe ^HnH a n f-?-^^^ late - To a solution of ethyl 
(RS) -1- (3/ 4-methylenedioxyphenyl) -3-phenylindene-2- 
carboxylate (1.00 g, 2.60 mmol) in EtOH (25 ml) was 
added 10% palladium on activated carbon (30 mg) . The 

15 resulting suspension was stirred under an atmosphere of 
H 2 overnight. Thin layer chromatographic analysis 
indicated that the reaction was incomplete, so 
additional 10% palladium on activated carbon (30 mg) was 
added, and the mixture was shaken on a Parr hydrogenator 

20 at 30 psi H 2 for 2 d. At this time, thin layer 
chromatographic analysis again indicated that the 
reaction was incomplete. The reaction mixture was 
filtered through a pad of Celite, and 10% palladium on 
activated carbon (250 mg) was added. The reaction 

25 mixture was shaken on a Parr hydrogenator at 60 psi H 2 
overnight. Filtration and repetition of the latter 
hydrogenation conditions led to complete consumption of 
starting material. The reaction mixture was filtered 
through a pad of Celite, and the filtrate was 

30 concentrated under reduced pressure to afford the title 
compound (650 mg, 65%) , which was used without further 
purification . 

35 rTirnTl1r ^- 9-r,r fangllC acid. To a solution of ethyl 
(IRS, 2SR, 3SR)-1- (3, 4-methylenedioxyphenyl) -3- 
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phenylindane-2-carboxylate (650 mg, 1,68 mmol) in EtOH 
containing a few drops of THF was added 6M KOH (1.68 ml f 
10,1 mmol) . The resulting mixture was allowed to stir 
at room temperature overnight, then was concentrated 
* 5 under reduced pressure. The residue was partitioned 
between H2O and Et20. The aqueous phase was acidified 
with 3M HC1 and extracted several times with EtOAc. The 
combined EtOAc extracts were washed successively with 
H2O and saturated aqueous NaCl and dried (MgSOa) • The 

10 solvent was removed in vacuo to afford an oil, which was 
crystallized from EtOAc/ hexanes. The title compound 
was obtained as a solid (305 mg, 51%); m.p. 186 - 187°C. 
Anal . Calcd. for C23H18O4: C, 77.08; H, 5.06. 
Found: C, 76.60; H, 5.08. 
IS EXAMPLE 9 

MRS. ?SR. 3SRl-l-M-Mftthoxvphenvn-3-n.4- 
niPt.hyl^n^diQvyphenvl) -2- (tetrazol-5-vl ) inriane 

a) MRS. -1 - f 4>MPthoxvphftTivl 1-^(3,4- 

20 mfttihylenp riinvyphenyl Hndan^P-rarboxamide. A mixture Of 
(IRS, 2SR, 3SR)-l-(4-methoxyphenyl)-3- (3, 4-methylene- 
dioxyphenyl)indane-2-carboxylic acid (250 mg, 0.64 mmol) 
in SOC12 (2.5 ml) was allowed to stir overnight under an 
argon atmosphere. The reaction mixture was concentrated 

25 under reduced pressure, and the residue was dissolved in 
benzene (5 ml) . To the resulting mixture under an argon 
atmosphere was added concentrated NH4OH (5 ml) . The 
solid which formed was collected by filtration, washed 
with H2O and dried in vacuo to afford the title compound 

30 (185 mg, 75%) . 

b) hps. ?SR f rqR^l-r4>Methoxvnhftnvl>-.Vf3,4-inethvl- 
AngrHnxvpfrpnyl Hnd anft-y-carhonitrile. To ice-COld DMF 

(1 ml) under an argon atmosphere was added oxalyl 
35 chloride (68|U# 0.78mmol) . After stirring for 5 min at 
0°C, a solution of (IRS, 2SR, 3SR) -1- (4-methoxyphenyl) - 
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3- (3, 4-methylenedioxyphenyl) indane-2-carboxamide (150 
mg, 0.39 mmol) in DMF (2 ml) was added, and stirring was 
continued for an additional 10 min at O'C. The reaction 
mixture was partitioned between EtOAc and 3M HC1. The 

5 aqueous phase was extracted with EtOAc, and the combined 
organic extracts were washed successively with H 2 0, 
aqueous NaHC0 3 , H 2 0 and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo to afford the 
title compound as a white solid (135 mg, 94%) which was 

10 used without further purification. 

mr m i — hh oxsshsnxl ) - ? ~ Ltfitrazfl] z5=si ) 1 nriane ♦ To thf 
(2.5 ml) at -78'C under an argon atmosphere was added 

15 aluminum chloride (90 mg, 0.67 mmol). After slowly 
warming to room temperature, sodium aside (130 mg, 2.2 
mmol) was added, and the resulting mixture was heated at 
70°C for 5 min, then cooled to room temperature. To the 
reaction mixture was added a solution of (IRS, 2SR, 

20 3SR) -1- (4-methoxyphenyl) -3- (3, 4-methylenedioxyphenyl) - 
indane-2-carbonitrile (125 mg, 0.34 mmol) in THF (2.5 
ml) . After heating at 70°C overnight, thin layer 
chromatographic analysis of the reaction mixture 
indicated the presence of starting material, so 

25 additional A1(N 3 ) 3 was prepared as above (1.34 mmol) in 
THF. To this was added the reaction mixture, and 
heating at 70°C was resumed for an additional 5 h. The 
mixture was partitioned between EtOAc and 3M HC1. The 
aqueous phase was extracted with EtOAc, and the combined 

30 organic extracts were washed successively with H 2 0 and 
saturated aqueous NaCl and dried. The solvent was 
removed in vacuo, and the residue was crystallized from 
EtOAc/ hexanes to afford the title compound (78 mg, 
56%) A portion of this material was further purified 

35 by MPLC (LiChroprep BP-IB, MeOH/H 2 O=60/40) and then 
recrystallized; m.p. 155 - 157 °C (EtOAc/ hexanes). 
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1 h nmr (CDCI3) : 8 7.28 - 7.15 (m, 4H) ; 7.03 - 6.95 
(m, 2H); 6.87 - 6.84 (m, 2H) ; 6.74 (s, 3H) ; 5.94 
(d, 1H, J= 1.2 Hz); 5.92 (d, 1H, J= 1.2 Hz); 4.79 
(d, 1H, J= 11.6 Hz); 4.73 (d, 1H, J= 11.6 Hz); 3.79 
5 (S, 3H); 3.65 (t, 1H, J= 11.6 Hz). MS. (m/e) : 413.2 
( (M+H) +] . 

KXAMPT.E 10 

MRS. 2SR - ^SW1-f9-Mo1-hnxYphPnvn-3-/3.4- 
tngl-hyl gno ri< nvvnhenyl 1 i nrianf>-?-rarhoxv1 i C. acid 

10 

a) K+hyl HRS 1 -1 -Hvrirnvy-1 - f ?-Tng1-hnxvphenv1 ) -3- (3 . 4- 
mAl-hyl gngf^ oxyphyl 1 ^ nriPnft-2-rarhoxvlate . To dry 
magnesium turnings (81 mg, 3.4 mmol) under an argon 
atmosphere was added a solution of 2-bromoanisole (0.64 

15 g, 3.4 mmol) in 5 : 1 THF/ Et20 (3 ml). A portion of 

the resulting 2-methoxyphenyl magnesium bromide solution 
(0.45 ml, 0.51 mmol) was added dropwise to a solution of 
ethyl 3- (3, 4-methylenedioxyphenyl) -l-oxoindene-2- 
carboxylate (100 mg, 0.34 mmol) in THF (6 ml) under an 

20 argon atmosphere at 0°C. After stirring for 15 min, the 
mixture was partitioned between 3M HC1 and EtOAc. The 
organic extract was washed successively with H2O, 5% 
aqueous NaHC03, H2O and saturated aqueous NaCl. The 
solvent was removed in vacuo, and the residue was 

25 purified by flash chromatography, eluting with 15% 
EtOAc/ hexanes to afford the title compound. (100 mg, 
68%) . 

b) gi-h Y i tns\ -i - /?-MPi-hoxvDhenvl) -3- (3. 4-methvlene- 
30 /-Hnvyphgnvi \i nH»nP-7-rarhoxvlal-.e . To a solution Of 

ethyl (IRS) -1-hydroxy-l- (2-methoxyphenyl) -3- (3, 4- 
methylenedioxyphenyl)indene-2-carboxylate (100 mg, 0.23 
mmol) in CH2CI2 (5 ml) was added triethylsilane (32 mg, 
0.28 mmol), followed by boron trifluoride etherate (0.13 
35 ml, 1.05 mmol). The reaction mixture was allowed to 
warm to room temperature and stirred for 10 min, at 
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which time was added slowly 3M HC1. The mixture was 
extracted with EtOAc. The organic extract was washed 
successively with H 2 0, 5% aqueous NaHC0 3 , H 2 0 and 
saturated aqueous NaCl and dried (MgS0 4 ) . The solvent 
5 was removed in vacuo to provide the title compound (91 
mg, 96%) as a mixture of Al and A2 double bond isomers. 

c) EM ^^-i-r?-MPi-hoxvpnftnvn-V(3,4- 
^Hyion^Hior.T^^yi v i nrianf>-?-rarboxvlate . To a 

10 solution of ethyl (RS)-l- (2-methokyphenyl) -3-(3,4- 

methylenedioxyphenyl)indene-2-carboxylate (90 mg, 0.22 
mmol) in EtOH (10 ml) was added 10% palladium on 
activated carbon (90 mg) . The resulting suspension was 
shaken on a Parr hydrogenator at 60 psi H 2 overnight, 

15 then was filtered through a pad of Celite. The filtrate 
was concentrated under reduced pressure to afford the 
title compound (90 mg, 100%) , which was used without 
further purification. 

20 d) f1 pg ^^-i-r9-MPi-hnvvnhftnv1)-V(3,4- 

mefchyj — difflgphfiMd Undanfir2=tatfaag^ acid . To a 
solution of ethyl (IRS, 2RS, 3RS) -1- (2-methoxyphenyl) -3- 
(3,4-methylenedioxyphenyl)indane-2-carboxylate (90 mg, 
0 22 mmol) in EtOH (2 ml) containing a few drops of THF 

25 was added 6M KOH (0.22 ml, 1.32 mmol). The resulting 
mixture was allowed to stir at room temperature 
overnight, then was concentrated under reduced pressure. 
The residue was partitioned between H 2 0 and Et 2 0. The 
aqueous phase was acidified with 3M HC1 and extracted 

30 withEtOAc. The EtOAc extract was washed successively 
with H 2 0 and saturated aqueous NaCl and dried (MgS0 4 ) . 
The solvent was removed in vacuo to afford the title 

compound (40 mg, 49%) . e n , , . 

IkL (CDCI3) i 8 7.37 - 6.73 (m, 11H) ; 5.93 (m, 2H); 

35 5.03 (d, 1H, J - 10 Hz); 4.67 (d, 1H, J - 10 Hz); 3.70 

(s, 3H>; 3.38 (t, 1H, J - 10 Hz). 
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EXAMPLE 11 

ClBSLi 3SR> -.^HvdrQxy-^r4-mftthnyvDhenvT)-1-(3,4- 
jn pfby^n^riinxv ph^nyl arid, sodium 

salt 

5 

a) ^-Benzyl nxyacetnphenone ■ To a mixture of sodium 
hydride (4,5 g of 80% mineral oil dispersion, 0.15 mol) , 
which had been washed free of mineral oil, in DMF (25 
ml) was added, dropwise with cooling, a solution of 3- 

10 hydroxy acetophenone (20.5 g, 0.15 mol) in DMF (25 ml). 
Upon completion of the addition, the mixture was allowed 
to stir at room temperature for 15 min, at which time 
was added benzyl bromide (25.6 g, 0.15 mol). The 
resulting mixture was allowed to stir at room 

15 temperature overnight, then was partitioned between 

EtOAc and 3M HC1. The aqueous phase was extracted with 
EtOAc, and the combined organic extracts were washed 
successively with 1M NaOH, H20 and saturated aqueous 
NaCl and dried. The solvent was removed in vacuo to 

20 afford the title compound (33 g, 97%) , which was used 
without further purification. 

b) M^f-hyl 2- f VRpn 7 vinyy^ hPn7ov1 arfttate . To a mixture 
of sodium hydride (28.3 g of 80% mineral oil dispersion, 

25 0.94 mol), which had been washed free of mineral oil, in 
dimethyl carbonate (100 ml) under an argon atmosphere 
was added, over 30 min, a solution of 3-benzyloxy- 
acetophenone (92.3 g,. 0.41 mol) in dimethyl carbonate 
(150 ml) . Upon completion of the addition, the mixture 

30 was heated at reflux for 30 min, then was cooled in an 
ice bath and quenched by the slow addition of 3M HC1. 
The mixture was partitioned between EtOAc and 3M HC1, 
and the aqueous phase was extracted with EtOAc. The 
combined organic extracts were washed successively with 

35 H2O, aqueous NaHC03, H2O and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo to afford the 



WO 93/08799 



PCT/US92/09427 



title compound (112 .5 g, 97%) . 

c) M r m1 ,-^- R p nrv1 ^ Y >— U ? O 4lHffHYlfnff110»Y- . 
rt)mrr w r « nl it e . A mixture containing methyl 2- (3- 

5 benzyloxy)benzoylacetate (75.0 g, 0.26 mol) , piperonal 
(43.6 g, 0.29 mol), acetic acid (3.6 ml) and piperidine 
(1 2 ml) in benzene (70 ml) was heated at reflux, with 
azeotropic removal of H 2 0. After heating at reflux for 
4 h, the reaction mixture was concentrated in vacuo, and 

10 the residue was crystallized from EtOH to afford the 
title compound (93.5 g, 85%); m.p. 116 - 118 C. 

d) Mr m i gBa^ m=5=BfiDaaa8ag=l^ 4-TnernYlrnrflioxY- . 
BHamai^ ind ?-r»rhoxYlate. To trifluoroacetic 

15 acid (150 ml) at 0°C under an argon atmosphere was added 
methyl 2- (3-benzyloxybenzoyl) -3- (3, 4-methylene- 
dioxyphenyDpropenoate (80.0 g, 0.19 mol). The mixture 
was allowed to warm to room temperature and stirred for 
30 min, at which time the mixture was concentrated under 

20 reduced pressure. The residue was dissolved in EtOAc 
and washed successively with aqueous NaHC0 3 , H 2 0 and 
saturated aqueous NaCl and dried. The solvent was 
removed in vacuo, and the oily residue was crystallized 
from EtOAc/ hexanes to afford the title compound (51.3 

25 g, 64%); m.p. 148 - 150 C. 

e) n r m1 5=B^ua3 mrr 1 - " - fcfflfifctoJ ensdJ oirvPtuntYl ) -3- 

l1nrtrnr - ? - r ~H»~ii.t-.«. To a solution of methyl 5- 

benzyloxy-l- (3, 4-methylenedioxyphenyl) -3-oxoindane- 2 - 

30 carboxylate (27.3 g, 65.6 mmol) in benzene (90 ml), 

cooked in an ice-H 2 0 bath, was added 2,3-dichloro-5, 6- 
dicyano-l,4-benzoquinone (15.4 g, 67.8 mmol). The 
resulting mixture was stirred at 0»C for 1 h, allowed to 
warm to room temperature for 1.5 h, and finally warmed 

35 to 40°C for 1 h. The solid which formed was removed by 
filtration and washed with benzene. The combined 
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filtrate and washings were poured into EtOAc (200 ml) 
and washed successively with aqueous Na2C03 (3x) , H20 
(3x), 3M HC1, H2O (3x) and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo, and the 
5 residue was crystallized from EtOAc/ hexanes to afford 
the title compound (16.4 g, 60%) as a red crystalline 
solid; m.p. 140 - 141°C. 

f) MPl-hyl n Pg^^B^n^y1ovv-3-hvHroxv-3-M-mftt.h0XV- 

10 phenyl 4-mgthvi PnftriJ oxvrhpnvl ) 1 nrienfi-2- 

rarboxylate- 

To dry magnesium turnings (0.96 g, 40 nunol) under an 
argon atmosphere was added a solution of 4-bromoanisole 
(7.48 g, 40 mmol) in 9 : 1 Et20/THF (50 ml). The 

15 resulting 4~methoxyphenyl magnesium bromide solution was 
added portionwise to a solution of methyl 5-benzyloxy-l- 
(3, 4-methylenedioxyphenyl) -3-oxoindene-2-carboxylate 
(8.29 g, 20 mmol) in THF (250 ml) under an argon 
atmosphere. Upon completion of the addition, the 

20 mixture was quenched by the addition of 3M HC1 and 

extracted with EtOAc. The organic extract was washed 
successively with H2O, aqueous NaHC03, H2O and saturated 
aqueous NaCl. The solvent was removed in vacuo to 
afford the title compound (11.58 g, 100%) , which was 

25 used without further purification. 

g) Mofhyi <R S i (4-roethoxvphenvl ) -1 - (3 , 4- 
mptfryl^nP^ nvyphenvl M nrigne-P-narhoxvlate . To a 
solution of methyl (3RS)-5-benzyloxy-3-hydroxy-3- (4- 

30 methoxyphenyl) -1- (3 r 4-methylenedioxyphenyl) indene-2- 
carboxylate (crude material prepared above) in CH2CI2 
(75 ml) under an argon atmosphere at 0°C was added 
triethylsilane (3.9 ml, 23.6 mmol), followed by boron 
trifluoride etherate (14.7 ml, 120 mmol). The reaction 

35 mixture was stirred for 10 min at 0°C, at which time the 
mixture was partitioned between 3M HC1 and EtOAc. The 
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organic extract was washed successively with H20, 
aqueous NaHC0 3 , H 2 0 and saturated aqueous NaCl and 
dried. The solvent was removed in vacuo, and the 
residue was purified by flash chromatography, eluting 
5 with a solvent gradient of 25 - 45% Et 2 0/ hexanes. The 
title compound (8.41 g, 83% for two steps) was isolated 
as a mixture of Al and A2 double bond isomers. 

h) n rrn-f i nn ?? c ^-*-"^rn^-v(4-Tnf>rnnxv- 

10 r nr »y^-i-r ^ , >i-^HviPnpHinvvr>hpHvninrlfinft-2- 

ra rh nw i a ^. To a degassed solution of methyl (RS)- 
5-benzyloxy-3- (4-methoxyphenyl) -2- (3, 4-methylene- 
dioxyphenyl)indene-2-carboxylate (6.60 g, 13.0 mmol) in 
EtOAc (25 ml) and EtOH (175 ml) was added 5% palladium 

15 on activated carbon (0.6 g) . The resulting suspension 
was shaken on a Parr hydrogenator at 60 psi H 2 for 20 h, 
at which time NMR analysis of the reaction mixture 
indicated that the reaction was incomplete. The 
catalyst was removed by filtration through a pad of 

20 Celite, and fresh 5% palladium on activated carbon (0.6 
g) was added. The mixture was shaken on a Parr 
hydrogenator at 60 psi H 2 for an additional 48 h. The 
catalyst was removed by filtration through a pad of 
Celite, and the filtrate was concentrated under reduced 

25 pressure. The residue was crystallized from EtOAc/ 

hexanes to afford the title compound (4.83 g, 89%); m.p. 
187 - 188°C. 

30 n iiindanfi=2=tarto^dic nr.ld . 

cnrfi nm salt . To a solution of methyl (IRS, 2RS, 3SR)-5- 
hydroxy-3- (4-methoxyphenyl) -1- (3, 4-methylenedioxy- 
phenyl) indane-2-carboxylate (150 mg, 0.36 mmol) in EtOH 
(4 ml) was added 10% NaOH (4 ml) , and the resulting 

35 mixture was allowed to stir under an argon atmosphere 
overnight. Water (5 ml) was added, and the mixture was 
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concentrated under reduced pressure. The concentrate 
was extracted with Et20, and the aqueous phase was 
acidified and extracted with EtOAc. The EtOAc extract 
was washed successively with H20 and saturated aqueous 
5 NaCl and dried. The solvent was removed in vacuo. The 
sodium salt was prepared, and a portion of this (100 mg) 
was purified by reverse-phase chromatography to afford 
the title compound (73 mg, 48%) . Trituration of this 
material with EtOAc provided a white crystalline solid; 

10 m.p* 198°C (dec) . 

1 h NMR (MeOH-d4) : 8 7.20 (dd, 2H, J= 6.8 Hz, 2.0 Hz); 

6.85 (dd, 2H, J= 6.8 Hz, 2.0 Hz); 6.80 - 6.64 (m, 5H) ; 
6.25 (s, 1H); 5.88 - 5.87 (m, 2H) ; 4.47 (d, 1H, J = 10 
Hz); 4.43 (d, 1H, J - 10 Hz); 3.76 (s, 3H) ; 3.03 (t, 
15 1H, J= 10 Hz). MS. (m/e) : 427 [<M+H) + ]. 

EXAMPLE 12 

nns, 2SR- -3- ^-c a rbnxvmfit:hoxv>4-methoxvnhftnvl ) -1- 
12 - 4-niAi-hvi pnprii nxyphenvl \ -S- (oron-1 -vl oxv) -i nriane-2- 

cflrhoxylic acid 

20 

a) 3- ( Prnn-l -yl nxvl appj-flphfinone , To a slurry of NaH 
(13.84 g, 0.58 mol) in dry DMF (50 ml) at 0°C, was added 
a solution of 3-hydroxyacetophenone (50 g, 0.37 mol). 
After stirring for 30 min. 1-iodopropane (70 ml, 0.72 

25 mol) was added and the mixture stirred overnight at room 
temperature. The mixture was diluted with dry DMF (50 
ml) and further *NaH (2.77 g, 0.12 mol) added followed by 
1-iodopropane (23 ml,. 0.24 mol). After 1 h. TLC 
indicated that the reaction was complete and the product 

30 was cautiously quenched with 6M HC1 and extracted with 
EtOAc. The EtOAc extract was washed successively with; 
H2O, 10% aqueous NaOH and then brine. After drying 
(MgS04), filtration and evaporation gave the title 
compound (65 g, 98%) as a yellow oil which was used 

35 without further purification. 
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b) Mrttl Y i ff rnr- 1 - v1 MffiJ *pn7ovl annate .. to a 
suspension of NaH (12 g, 0.5 mol) in dry dimethyl 
carbonate (50 ml) was added slowly a solution of 3- 
(Prop-l-yloxy) acetophenone (65 g, 0.37 mol) in dry 

5 dimethyl carbonate (100 ml) . During the addition the 
exothermicity of the reaction caused refluxing. Follow- 
ing the addition the mixture was stirred mechanically 
overnight and was then quenched cautiously with 3M HC1 
and extracted with EtOAc. The EtOAc extract was washed 

10 successively with; H 2 0, 5% aqueous NaHC0 3 , H 2 0 and 

brine. After drying <MgS0 4 ), filtration and evaporation 
gave a yellow oil (82 g, quantitative) which was used 
without further purification. 

15 c) w^yi - Q *s 2SB1 =1= i2 - 4-MPi-hvl pnerii orvpnpnvl ) =5= 
fr^p-i -vi o y Y ^ -^-n™-inrt*ne-?-rarbnxvlate.. To a 
solution of methyl-3- (Prop-l-yloxy) benzoylacetate (10 g, 
4.2 mmol) in benzene (50 ml) was added 3,4-methylene 
dioxybenzaldehyde (6.36 g, 4.2 mmol) followed by 

20 piperidine (0.42 ml, 0.42 mmol) and glacial acetic acid 
(8 drops approx.). The mixture was refluxed for 2 hr. 
and the volatiles removed in vacuo to give methyl <Z)-3- 
(3, 4-methylenedioxyphenyl) -2- [3- (prop-l-yloxy) - 
benzoyljpropeno'ate as a yellow oil. This residue was 

25 dissolved in trifluoroacetic acid (50 ml) and the 

mixture stirred at room temperature for 20 min. . The 
trifluoroacetic 'acid was removed in vacuo to give the 
title compound as a dark oily residue (16 g) which was 
used in the next step without purification. 

30 lHNMR(CDCl 3 ) 6 inter alia 7.85 (1H, s) ; 7.56-7.30 
(3H, m); 7.08-7.15 (IE, m) f 6.95 (1H, dd, J=8, 2Hz) ; 
6.78. 

35 f mm-l n- 2=c arfeaaOa^ Methyl (IRS, 2SR)-i-<3,4- 

methylenedioxyphenyl) -5- (prop-l-yloxy) -3-oxo-indane-2- 
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carboxylate (16 g, crude from previous experiment) was 
dissolved in dioxan (150 ml) and DDQ (22 g, 0.097 mol) 
added- The mixture was refluxed for 2 h. then cooled, 
filtered and the solvent removed in vacuo. The product 
5 was purified by flash column chromatography on silica 
gel (eluant: EtOAc/hexane, 20:80) to give the title 
compound as an orange solid (5.2 g, 31% over two steps); 
m.p. 125-126°C. 

10 *\ MPf.hyl- -1 - (?-Benzvloxv-4-methoxvDhenvl) -1- 

hyrirnyy-3- ( 3 . 4-mgthylengdioxvphanv3 ) -6- (prop-l- 
yinxyi indftnp^-rarhnxvlatfi. To dry magnesium turnings 
(0.15 g, 6.25 mg. atoms) under an argon atmosphere was 
added portionwise, a solution of 2-benzyloxy-4-methoxy- 

15 bromobenzene (for preparation see below) (1.80 g, 6.15 
mmol) in 5% THF/ether (7 ml) . The resulting 2- 
benzyloxy-4-methoxyphenyl magnesium bromide was added to 
a solution of methyl-3-(3,4-methylenedioxyphenyl)-6- 
(prop-l-yloxy) -l-oxo-indene-2-carboxylate (1.5 g, 

20 4.1mmol) in Et20 (65 ml) under an argon atmosphere at 

0°C. The resulting mixture was allowed to warm to room 
temperature and was stirred for 10 min. The mixture was 
partitioned between 3M HC1 (30 ml) and EtOAc (75 ml) . 
The organic extract was washed successively with; H2O, 

25 aqueous NaHC03, H2O and saturated aqueous NaCl and dried 
(Na2S04) . The solvent was removed under reduced 
pressure, and the residue purified by flash 
chromatography on silica gel (eluant: EtOAc/hexane, 
30:70) to afford the title compound as a pale-yellow oil 

30 (1.4 g, 59%) . 

+) Mol-hyl - (BSJ f 7-Ttenryl nvv-4-TnPl-hnvvnhf»nv] ) -1- (3 . 4- 

^hYipnpriinxv p hpnvi \ -s- <nrop-l-v1 nxv) indenp-?-carhoxv- 
lai-A. To a solution of (1.35 g, 2.33 mmol) in CH2CI2 
35 (20 ml) at 0°C under an argon atmosphere was added 

triethylsilane (0.47 ml, 2.94 mmol), followed by boron 
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10 



15 



20 



trifluoride etherate (1.4 ml, 11.4 mmol) . The resulting 
solution was stirred at 0°C for 10 min, and was then 
partitioned between 1M HC1 and EtOAc. The organic 
extract was washed successively with; H 2 0, 5% aqueous 
NaHC0 3 , H 2 0 and brine. After drying (Na 2 S0 4 ) the solvent 
was removed in 2*3*, and the product purified by column 
chromatography on silica gel (eluant: EtOAc/hexane, 
25:75). The title compound (as a single undefined double 
bond isomer) was obtained as yellow oil (0.65 g, 50%). 




cariMUOOaasu Methyl- (RS) -3- (2-benzyloxy-4-methoxy- 
phenyl) -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
indene-2-carboxylate (0.64 g, 1.13 mmol) was dissolved 
in a small volume of EtOAc and EtOH (25 ml) added 
followed by 10% palladium on activated carbon (0.2 g) . 
The resulting solution was stirred under an atmosphere 
of hydrogen for 10 days and filtered. The filtrate was 
concentrated under reduced pressure and th* product 
purified by column chromatography on silica gel (eluant; 
EtOAc/hexane, 30:70) to give the title compound as a 
.colorless solid (0.21 g, 39%); m.p. 155-156 C. 



25 h) 



(IRS, 2RS r 3RS) -3- <2-hydroxy-4-methoxyphenyl) -1- (3, 4- 

m ethylenedioxyphenyl) -5- (prop-l-yloxy) ^i™' 2 '™* 0 **' 
30 late (0.05 g, 0.11 mmol) in dry DMF (1 ml) was added to 
30 NaH (4 mg, 1.17 mmol) in a small volume of dry OMP £ 

fixture was stirred at room temperature for 10^ min. and 

ethyl bromoacetate was added (0.016 ml, 

After 20 min.. the reaction was quenched with 3M HC1 and 
« ^aeted with EtOAc. The EtOAc extract was washed with 
35 ^hen brL, dried (MgS0 4 ) , fitered and evaporated. 
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-57- 

The product was purified by column chromatography on 
silica gel (eluant: EtOAc/hexane, 30:70) to give the 
title compound as pale yellow oil (0.05g, 85%). 

5 i> Q£Su 3SS) =3= f 2-r»rhnxymethnxv-4-m«rhoxvnnRnvl ) -1- 
□ , 2|-tno^h V i »ngrii oxvphsnvl ) -5- fnrop-1 -vl oxv) lnrianft-2- 
carhnyylir arid. To a solution of methyl- (IRS, 2RS, 3RS) - 
3- (2-carboethoxymethoxy-4-methoxyphenyl) -1- (3, 4- 
methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
10 carboxylate (0.05 g, 0.089 mmol) in EtOH (1 ml) (warming 
neccessary) was added 6M NaOH (0.089 ml, 0.53 mmol). 
After stirring overnight the product was partitioned 
between EtOAc and 3M HC1. The organic extract was washed 
with H20 and then brine, dried (MgS04), filtered and 

15 evaporated to give a colorless oil. The product was 

crystallized from Et20/hexane to give the title compound 
as an off-white solid (0.03 g, 65%); m.p. 195-198°C. 
lH NMR t(CP3)2C0] 5 7.17 (1H, d, J=9.1Hz); 6.8-6.71 (5H, 
m); 6.55-6.47 (3H, m) ; 5.94 (2H, s) ; 4.97 (1H, br. d) ; 

20 4.73 (1H, d, J=16.5Hz); 4.63 (1H, d, J=16.5Hz); 4.52 
(1H, d, J=7Hz); 3.80-3.76 (2H, m) ; 3.76 (3H, s) ; 3.48- 
3.35 (1H, br. m); 1.65 (2H, sextet, J=7.4Hz); 0.92 (3H f 
t, J=7.4Hz).H£ : 538 I(M+NH4) + ]. 
Anal . Calc. for C29H28 O9: C, 66.92; H, 5.42. 

25 Found C, 67.37; H, 5.32. 

EX&MELE 12fl 

pi-opaT-al-Hnn o f 9-Rpn?v1 nvy-1 -hrnTnn-4-niPthf>xvhen7.ene . 
3) T-Wrrwnn-9 -hY rtrftv Y" 4 " m>i ' hftxvbwt " !ar>e - 3_Br0m0 ~ 2 " 

30 hydroxy- 6-methoxybenzoic acid [T. de Paulis et. al. 
MoH rhpm. . (1985), 28, 1263-1269] (5 g, 0.02 mol) was 
heated in quinoline (200 ml) at 160°C for 1 h. On 
cooling, the product was partitioned between Et20 and 3M 
HC1. The organic extract was washed with water and brine 

35 then dried (MgS04), filtered and evaporated to give the 
title compound as a light-brown oil (4 g, 97%) . This 
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-53- 

material was used without further purification. 
lH NMR (CDCI3) 8 7.32 (1H, d, J=9Hz) ; 6.60 (1H, d, 
j=l,5Hz), 6.43 (1H, dd, J=9, 1.5Hz). 

5 b) ^-R^n^yl nff Y- 1 -HT-ftmo-fl-m^hftvvhPnzftne. To a 

suspension of NaH (1.01 g, 0.042 mol) in dry DMF (ml) at 
0°C was added solution of l-bromo-2-hydroxy-4- 
methoxybenzene (7 g, 0.035 mol). After stirring at room 
temperature for 30 min. the solution was cooled to 0 C 

10 and benzyl bromide (6.24 ml, 0.052 mmol) added. The 

mixture was warmed to room temperature over 20 min. and 
then quenched cautiously by the addition of 3M HC1 and 
extracted with EtOAc. The EtOAc extract was washed 
successively with; H 2 0, 5% aqueous NaHC0 3 , H 2 0 and 

15 finally brine. After drying (MgS0 4 ) filtration and 
evaporation gave a dark colored oil. The product was 
purified by flash column chromatography (eluant: 
EtOAc/hexane, 20:80) to give the title compound as a 
colorless oil (7.5 g, 73%). 

20 % NMR (CDCI3) 8 7.50-7.25 (6H, m) ; 6.51 (1H, d, 

J-1.5HZ); 6.39 (1H, d, J=9Hz); 5.09 <2H, s) ; 3.72 <3H, 
s) . 

PY&MPT.T! 13 

25 pTirn Y i i -i - n , 4- r oi-hvi AnPdi ox vnhftnvl ) =5= frrop-1 =sJ oxv> - 
^^n^o-^^m r YTir acid, diga^flhfiaalaminfi sa l t 

Methyl (IRS, 2RS, 3RS) -3- (2-Hydroxy-4-methoxy- 
phenyl) -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 

30 indane-2-carboxylate (0.14g, 0.29mmol) in dry DMF (1 ml) 
was added to NaH (9mg, 0.38mmol) in a small volume of 
dry DMF. The mixture was stirred at ambient temperature 
for 20 min. then 3-bromopropan-l-ol (37»1, 0.41mmol) was 
added. After stirring for lh. the product was 

35 partitioned between 3M aqueous HC1 and ethyl acetate. 
The organic layer was washed with water then brine, then 
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dried (MgS04 anhyd.) filtered and evaporated to give an 
oil. The product was purified by column chromatography 
. to provide methyl (IRS, 2SR, 3RS) -3- [2- (3-Hydroxyprop-l- 
yloxy) -4-methoxyphenyl] -1- (3, 4-methylenedioxyphenyl) -5- 
5 (prop-l-yloxy)indane-2-carboxylate (O.lg, 65%) (^-H-NMR 
indicated some epimerization had occurred at C-2) . This 
material was used without further purification. Methyl 
(IRS, 2SR, 3RS) -3- [2- (3-Hydroxyprop-l-yloxy) -4-methoxy- 
phenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 

10 indane-2-carboxylate (0.04g, 0.075mmol) was dissolved in 
methanol (2ml) and aqueous potassium hydroxide added 
(2M, 0.22ml, 0.44mmol). The mixture was stirred under 
reflux overnight then cooled, diluted with water, 
acidified with 3M aqueous hydrochloric acid and 

15 extracted with ethyl acetate. The organic extract was 
washed with water and brine, dried (MgS04 anhydrous) , 
filtered and evaporated to give an oil. The product was 
purified by chromatography on silica-gel (eluant: ethyl 
acetate/hexane/3% acetic acid) to give 12mg of free acid 

20 which was converted to its dicyclohexylamine salt, 
m.p. 110-112°C. 

ES&MELE U 

MP«i. ?SR. ^RS)- ^-f?-n-rarhnvvf»fh-?-v1oyv>-4-niflthOXV- 
r h P » Y l 1 -1 - i*. 4-mgj-hyl pnPrii nxvnhpnvl ) -5- (prOP-1 -vl OXV) - 
25 <nriariP-?-i-arhnvvH r aHri. M s-rH ryr>1 nhf>xvlani1 nft salt 

(IRS, 2SR, 3RS) -3- [2- (3-Hydroxyprop-l-yloxy) - 
4-methoxyphenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l- 
yloxy) indane-2-carboxylic acid (0.07g, 0.13mmol) was 

30 dissolved in dry dichloromethane (0.5ml) and Dess-Martin 
periodinane (0.07g, 0.17mmol) added in dry dichloro- 
methane (1ml) . After 2h. the product was partitioned 
between ether and saturated aqueous sodium carbonate 
solution containing sodium thiosulfate. The ether 

35 extract was washed with water then brine, dried (MgS04 
anhydrous) , filtered and evaporated to give an oil which 
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10 



15 



-5*- 

was used without purification. The crude product was 
dissolved in t-butanol (5ml) and to this was added a 
solution of sodium chlorite (18mg, 0.2mmol) and sulfamic 
acid (21mg, 0.22mmol) in water (1.5ml). After Ih. 
stirring at ambient temperature the product was 
extracted into ethyl acetate. The organic layer was 
washed with water then brine then dried (MgS0 4 anhyd.) 
filtered and evaporated to give an oil. The product was 
purified by column chromatography on silica-gel (eluant: 
ethyl acetate/hexane/3% acetic acid) to give 12mg of 
free acid which was converted to its bis-dicyclohexyl- 

amine salt. 

m.p. 160 - 162°C. 

MS (exact mass) M*- : 534.1879 (free di-acid) 
(A - +1.1 mDa for C30H30O9) 

By the methods given above, the following 
compounds were made:' 



5 Sko/V^M^ 6 * 



20 



25 



m.p. 191 - 193°C. 

anal . Calcd. for C23H18O3: C, 80.68; H, 5.30. 
Found: C, 80.54; H, 5.33. 

EB&MB1E ^6 




m.p. 164 - 165°C. 

MS (m/e) : 332 [ (K+HH4) +] • 

EX&MELE 17 



MS (m/e) : 331 t(M+H) + ). 
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F.YAMPT.F. 18 

gas ^sw w i-M-rarhn»vnhPnvi)-3-PtipnYl1nrtanft- 2 - 

rarbnyylln acid 

5 MS (m/e) : 359 [<M+H) + ]. 

F.Y AMPLE 19 

fipQ 9R.g, ^sR> - i-n-MPi-hnYvr>hPnvi)-3-ptipnYlin(1ane' 2 - 

parhnxylir: acid 
10 MS (m/e) : 362 [ (M+NH4 ) + ] . 

FYAMPT.F. 20 

npg. 9rr. a s pi-i-r^-B<->'Y 1 ? h * nvn "' , " nhpnvlln{1nnft " 2 " 

rfirhr Y Y 1Sr arid 

15 m.p. 163 - 164 e C. 

MS. (m/e) : 360 [(M+NH4> + ]. 

Anal . Calcd. for C24H2202: C, 84.18; H, 6.48. 
Found: C, 84.24; H, 6.73. 

FYAMPT.F, 21 

20 MPs, .wi<nhnnvHnrtan«-2-rnrhmfv11n ac i d 

m.p. 210-211°C. 

FYAMPT.F, 22 

f1 pg 7PS. ^p).1.(^R^-^vlnvvnhPnv1>-3-H- 
25 r fh n wnhPnvi > i nriane-?-rn^OKVl ic acJ d 

Ih wmr (CDCI3) : 8 7.26 - 7.17 (m, 6H) ; 6.93 - 6.87 
(m, 6H); 4.62 (d, 2H, J- 10.1 Hz); 3.96 (t, 2H, J = 
6.5 Hz) ; 3.81 <s, 3H) ; 3.29 (t, 1H, J= 10.1 Hz); 
30 1.80 - 1.73 <ro, 2H); 1.54 - 1.45 (m, 2H) ; 0.98 (t, 3H, 
J = 7.3 Hz) . 
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RXW1P1B 23 

n e thoaaaieDsj > 1 nrtp*"*- 9 -™ rhnvv1 1 r - ac i d 

5 m.p. 231 - 232°C 

MS (m/e, rel. int.) : 803 [<2M + 1) + , 100]. 
Anal. Calcd. for C 25 H 2 3N04'l/2 H 2 0: C, 73.12; H, 5.85, 
N, 3.41. Found: C, 72.92; H, 5.61;- N, 3.24. 

10 in Tin ^-o-^r-h m r v1ir acid, digH^QbaqOaminfi salt 

m.p. 187 - 190°C. 

M£ (m/e, rel. int.) : 1076.2 l(2M + l> + , 25]. 
15 EX&MELE ? 5 

f1Tt c , ?<re. ^F^t-M-Hvdrnyvnbpnv1)-Vf3,4- 
m e tis] rr*"" oagghengJ ) 3 ndaDfi=2=cagfaaagJ 1 c ac i d 

m.p. 94 - 96°C. 
20 MS. (m/e) : 392.4 [(M+NH 4 ) + ]- 

EX&MBLE 26 

O BS 3? P )-i-».^-ninini-hmnmtipnYl)-3-f4i: 
met ha gyphfin yJ ) 1 ndanfi=2=carbMgJ 1 c ar.id 

25 m.p. 126 - 128°C. 

(m/e, rel. I*.) = 807 [(ami*. 35); 403 [ (M-H) ~, 

JJIl: Caicd. for C 25 H 2 <° 5 : C. 74.24; H, 5.98. Found: C. 

74.10; H, 5.99. 
3Q FiXPiMPTiB 27 



mr rl rrt rM aphfiaxJ > 3 ndanfi=2^carfaQad 1 r ani d 

M£ (exact mass) : (MO* = 404.1074 (A = + 0.8 mDa for 
35 C24H20O4S) . 
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-57- 
EXAMPLE 28 

(l R ft, 9ws. ^fiPWi-MPl-hnxv-^-M-mPfhoyvnhftnvn-1-f3.4- 
""»fhyl AngHi nvvnhpnyl 1 j nrianP-7-rarhoxvl i C acid 

5 m.p. 129-131°C. 

MS (m/e) : 441.2 [(M+Na) + ]. 

EXAMPLE 29 

qpg r ?sr. .?-Risn.4-mg.thv1ftnftdioxvnhpnvl)-5- 
h Y riroxYinriane-?-carhnxv1 in acid 

10 

MS (m/e) : 436.2 [(M+NH 4 ) + J. 

EXAMPLE 30 

MPS. 9SR. 3fiRl -3- (;-farhnvyTtiP<-hnxv-4-m 0 hhnvyr.hpnv1 1 - 

i - f?- mP thnw-4 . &zinettolanadj oxvnhP.nvl ) -5- (nron-1 -vloxv) - 
15 indanA-?-rarhnrvlir arid 

Methyl (IRS, 2RS, 3SR) -5-Hydroxy-3- (2-methoxy- 
methoxy-4-methoxyphenyl) -1- (2-methoxy-4, 5-methylene- 
dioxyphenyl) indane-2-carboxylic acid was prepared in 23% 

20 overall yield from methyl 2- (3-benzyloxy)benzoylacetate 
according to the method of example 11. The 5-hydroxyl 
moiety was then propylated according to the method given 
in example 12 and this crude material treated according 
to the method of example 70 to remove the methoxymethyl 

25 group in 55% yield. The title compound was then 

obtained following the procedure given for example 12 in 

42% yield. 

m.p. 188 - 190°C . 

Anal . Calc. for C30H30O10: C, 65.45; H, 5.49. 
30 Found: C, 65.38; H, 5.49. 

F.V AMPLE 31 

ppg r 9RH. aRfii-^-f2-M *»fhn»vmwtrhn»v1-4-in<»t:hn»vnhenvn~l- 
□ , ii-mot-hyl pnerH nvynhPnvl ) -5- fnron-1 -vl oxv) inrtane-2- 
^rhAVYllr arid 

35 

m.p. 161 - 163°C. 
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EX&MELE 32 




n e tlg] enfidi aaptengJ ) =5= frrmrl -vl mrv) 1 nrfM)«-2- 

Oaxfeflgylifi acid 



(exact 



mass) Mt* : 462.1678 (A = -0.4 mDa for C 27 H 26 0 7 > 
F| ynMPT.B 33 




10 ylasgUndanfi 2=caEfafl2aOic affid 

anal , calc. for C32H34O10-0.5 H 2 0: C 65.41; H, 
6.00. Found: C, 65.27; H, 5.99. 
m.p. 196 - 197*C. 
15 fiXWIPT.F. 34 

" ^- iT ^ n T 1 ^^^^^^^^^^^^^ ^^ 
?-mrfrmrYM ,% * Md 

20 MS. (DCI NH 3 ) m/e : 538.2 <M + NH3> + , 520.2 (M + H) + 

(exact mass) M+- « 520.1733 (A - 0.0 mDa for C 29 H 28 0g) 

EX&MELE 35 



25 



30 



^^DclW^/e": 503.2 <M+C 2 H 5 >+, 474,1 OM* 
(exact mass) «*• « 474.2034 (A = +0.8 mDa for 
C 2 9H 3 o06> 




Q7 — 98°C 

m * P * „+. . 432 1568 (A ■ +0.5 mDa for 

35 MS (exact mass) IT- : 43Z.io&o i« 

C 2 6H 2 406> 
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EX AMPLE 37 

flftS r 7SR. lRS ) -^-r9-f!arhnvymft1-hn»vn]if»nv])-1-f3.4- 

m f »>^ onorH nvunhpnvi ) -b- fnron-i -vl nxv) i nriane-2- 

rarhnvyHr arid 

5 

m.p. 169-170°C. 

Anal . Calc. for C 2 8H26°8' 0 - 25 H 2 0: C ' 6 7 - 94 ' H ' 

5.40. Found: C, 67.75; H, 5.37. 

gvaMPT.B 38 

10 hps. ?SR. ^ps^-^- f 9-wpngv1ovY-4-inpfr>ioyvnhBnvl)-1-(3.4- 
itiA<-hy1 onprtl nv yphonyl ) -5— fprnp-1 -yl nvy) i ndane-2- 
rarhnxylir acid 

MS (exact mass) M+- : 552.2149 (A - -0.1 mDa for 
15 C 34 H 3 207) 

EXAMPLE 39 

MRS. 9SR. 3Rfi> -W?W3-Pyd*-nyyg1-h-1-V-|oxvl-4- 
pgl-hnvyphgnyl 1 -1 - U . 4 -mP>1-hy1 pnprii nxvohenvl ) -5- fPrOP-1- 

add, di CVP 1 OhPXVl ami Tift Sa l t 

20 

nwp. 182-184'C. 

&nal . Calc. for C 4 iH 5 3N0 8 : C, 71.59/ H, 7.77; 
N, 2.04. Found: C, 71.67; H, 7.66; N, 2.42. 

EXAMPLE 40 

25 m»s ?sr. 3P<^ -?~.f9-F.t.hn»v-4-mftthoxvntipnv1 ) -1- (3. 4- 
ni p rnYl enedi agxptemJ ) =5= (grogiJ -vi oxv) 1 nrtanfi- 2 - 
rnrfr r>v Y 1 j ff acid 

Anal. calc. for C29H30O7: C, 71.01; H, 6.16; 

30 Found: C, 70.71; H, 6.01. 

EXAMPLE 41 

MetfryJ pn oH ^ nvvnhonvi > -5- < P rnn-i -vi oxv) i MlanfrZ- 
mrl-mxy! i c acid 

35 

Anal . CalC. for C30H32O7: C, 71.41; H, 6.39; 
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Found: C, 71.43; H, 6.31. 

P.VaMPT.F. 42 

n a -Me ttaj onprii ov^on.i ^ -s- fnron-i -vi ox v) 1 ndane=2= 
5 rnrTrmrYl*'- arid 

m.p. 75-79°C. 

p.V&MPT.E 43 

[IBS ^c>-^r4-M^hovv-?-f?-nipfnvlPrnp-1-YlnxY)- 
10 pfrmY 1 1=1=1 3 a=M&thyJ mrvntmnvl ) =5= fprop-1- 
aafl2ffiUndang=2=carfaflasUc ar,id 



m.p. 85-89°C. 

BY&MPT.tt 44 

15 f1ffp ^ c).^fj.-MAi-ho yv -?-fVmefhv1Mlf-1-YlQ«Y)-: 

rlir n T l 1 = 3 = H ■ a=mathg3 fined nyvnhftiiYl ) =5= <prop-1 -yl n«y) - 
iTirinnr - ? -^ g ^v^i r »^h- HWinhevvlaniinp salt 



m.p. 150-155 Q C. 

20 fiVlMPT.E 45 

f 1Tt Q , ?gp. ^ p>-^-r4-M^hovv-?-f3-pvriflYlmPthn«Y)- 

rT|r nTl 1 _ 1 - I3 A-n^hyi — " nvvnhPnvl 1 =5= (nrOP-1 -Yl PXY) ~ 

indanfi=2=carfafaffllic acid. 

25 Lnai. Calc. for C 33 H3iNO 7 -0.5H 2 O: C, 71.02; H, 5.78 
N, 2.51; Found: C, 71.02; H, 5.53; H, 2.30. 

EgaMELE 46 

LIBS 2SB ^F^-^-r4-MPi-hovv-?-f4-PYr1flYlTnprTlO«Y)- 
ph rn ?1 1 _i - P a^methgj e nsd i mgpaeagJ 1 =5= teEfiP=3 -y1 oxv 1 - 
30 jniiaDa=2=cailafaglic acid, 

^nai. Calc. for C 33 H 3 iNOt-0.5H 2 0: C, 71.02; H, 5.7 
N, 2.51; Found: C, 70.89; H» 5.59; H, 2.37. 
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F.XAMPLF. 47 

pfrpnyi i -1 - /l-iPQi-hyl f.nPdi nxvnhenvl ) -5- (PrQP-l-Vl OXY) ~ 
5 m.p. 153-155 0 C. 

FXRMPLF, 4B 

ppg r ?gp. ?rri -3- f /HApt-i-vi nyvt -4-Tnpl-hnxvr>tv»nvn -1- 

, /j-mo+hyl An» H 4 nvyphgnvl 1 fprnr>-1 -vl DXV) i ndane-2- 
parhnvyHr. acid 

10 

m.p. 70-73°C. 

F.XftMPLE 49 

phonyl 1 — 1 — / 3 . 4- n^^yl enfitU nxvnhftnv] > -5- (prop-1 -vl oxv) - 
15 Hnriang-?-rarhoyvHc acid. 

m.p. 102-105'C. 

F.yAMPT.F. 50 

nps r ^-rvanQTnPthnxv-4-mfif hnyyphftnvl ) -1- (3 . . 4- 

20 tnafhyl »n*^ nvyphgnvl 1 -5- (PrOP-1 -Vl OXY) j nriane-2~ 
parhnvyHn acid 

m.p. 199-201°C._ 

F.Y&MPT.F, 51 

25 n pg . 9RB . - »P<n -1- < dnniPl-hoxv-4-inprhOXVnnftnY3 ) ~ 
1 - ^ . 4-niPl - fry 1 onarii oyyphonyT 1 -5- fr>rrm-1 -Vl OXV) j ndflnft-2- 
rB rhnv Y Hfl arid 

anal . Calc. for C 2 9H29NO8-0.5C 4 H 8 O: C, 67.02; 
30 H, 5.99; N, 2.52; Found: C, 67.76; H, 5.96; 
H, 2.56. 

FYAMPT.F. 52 

llBSj p^B , ^ spi - ^-a^l-amirin-1 ■ 3-hi S ( 3 . 4-lTIPf TlY l fine- 

rtlm fy rfrfnYl Linflaiig=2=c*rfap^ ic ac i d . 

35 

MS m/e : 460 [<M+H)+]. 
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P.V&MPT.E 53 

U^S ZSE ^-s-A"inr- 1 3=bisl3 4-mpi-hvTpnprilfMV- 
rTirn" n - inri f in°- 9 -^^ 1a1 - p - rtl nvrl otiPTrvl ami np sallu 

5 M£ m/e : 418 [(M+H) + ] . 

pvaMPT.F. 54 

[IBS 2SB ^^-^- r9 - n - rarbnv ^ ftnv1) ~ 4 ~ TnPftinyYrtlpnYl1 " 1 - 
n 1 - m r rtiTl enedJ oaggftgngJ > =5= tsramzl -vl nwl 1 Tiflnfm-2- 



10 



a) Et h Y n 3= - f*"*- 1 - v1 1 stanmd > hpnsoate 



Ethyl 3-bromobenzoate (2.0 g, 8.7 mmol), hexabutyl- 
distannane (5.51 ml, 10.9 mmol), tetrakis (triphenyl- 

15 phosphine) palladium (0) (0.08 g, 0.07 mmol) and palladium 
(II) acetate (0.19 g, 0.85 mmol) were mixed in dry 
toluene (25 ml) and refluxed for 72 h under argon. The 
solvent was removed in vacuo and the residue purified by 
column chromatography on silica gel (eluantrhexane) . 

20 The title compound was obtained as a colorless oil (1.1 
g, 30%). 

b) M r m1 QBSL2SB ^^-^r?-n-r a rbompfhnywnpnYl)-4- 
mrriinrr rTimTl l=l=n* 4=metteJ enedi {gssshsasl ) =5= (prro-l- 

Methyl (IRS, 2SR; 3RS) -3- (4-methoxy-2-trif luoromethane- 
sulf onyloxyphenyl) -1- {3, 4-methylenedioxyphenyl) -5- (prop- 
l-yloxy)indane-2-carboxylate (0.118 g, 0.19 mmol), 

30 lithium chloride (0.058 g, 1.37 mmol) , tetrakis (tri- 
phenylphosphine)palladium(O) (0.018 g, 0.016 mmol) and 
ethyl 3-[tri-(butyl-l-yl)stannyllbenzoate (0.253 g, 0.58 
mmol) were mixed in dry dimethyl formamide (5 ml) and 
refluxed for 24 h. The product was filtered through 

35 celite and the celite washed with ethyl acetate. The 
combined filtrate was evaporated in vacuo and was shown 
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to be a mixture of two components by TLC. Purification 
by column chromatography on silica-gel gave a less polar 
fraction: methyl (lRS,2SR,3SR)-3-[2-(but-l-yl)-4- 
methoxyphenyl) -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 
5 yloxy) indane-2-carboxylate (0.038 g) which was obtained 
as a colorless oil. The title compound was the more 
polar component (0.08g) which while contaminated with 
tin residues (^H-NMR) was used without further 
purification. 

10 

c) OBS • as* - 3B&J z2z L2= n-rarhnxvpnpnvl ) -4-mftthoxv- 
phpnyl 1-1 - n. 4-mPl-hvl Pn»Hi nxvphpnvll -5- <ProP-l-vlOXV) - 
^nrianP-P-rarboxvHc: acid 



15 Methyl (lRS,2SR,3RS)-3-[2-(3-Carbomethoxyphenyl)-4- 
methoxyphenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 
yloxy) indane-2-carboxylate (0.08g, crude) was dissolved 
in propan-2-ol (1 ml) and aqueous sodium hydroxide (1M, 
1 ml ,1 mmol) added. The mixture was refluxed for 12 

20 hr. then cooled, diluted with water, acidified with 3M- 
aqueous hydrochloric acid and extracted with ethyl 
acetate <3x) . The combined organic extract was purified 
by column chromatography on silical-gel (eluant: 30% 
EtOAc/hexane/5%AcOH) to give the title compound as a 

25 colorless solid (20 mg) 



m.p. 257-268°C.' 

EXAMPLE 55 

f i ft*; , ?<;p . ^spi [2= mnf-1 -vl ) -4-methoxvphenvl) -1- (3 . 4- 
30 mpfhvl pdp HS ^vynhPny 1 1 -5- (prrm-l-vloxv) 1 ndane-2- 
rm-frnvyHr arid r riHryrlohPxvl amine salt 

Methyl (IRS, 2SR, 3SR) -3- [2- (But-l-yl) -4-methoxyphenyl) -1- 
(3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
35 carboxylate (0.038g, 0.074 mmol) was dissolved in 
propan-2-ol (1 ml) and aqueous sodium hydroxide (1M, 
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0.75 1111,0.75 mmmol) added. The mixture was refluxed for 
12 hr. then cooled, diluted with water, acidified with 
3M-aqueous hydrochloric acid and extracted with ethyl 
acetate (3x) . The combined organic extract was purified 
5 by column chromatography on silica-gel (eluant: 30% 
EtOAc/hexane then 30% EtOAc/hexane/5%AcOH) . Conversion 
of the product to its dicyclohexylamine salt gave the 
title compound. 

m.p. 179-182°C. 
10 Anal . CalC for C 41 H 5 3N0 8 : C, 71.59; H, 7.77; 

N, 2.04. Found: C, 71.67; H, 7.66; N, 2.42. 

g.vaMPT.F. 56 

QES, ?qp r ^gRi -3 - /^-Moi-hnvu-?-r>hpnvlPhpnYl > -1 - f 3r 4~ 
m r ftiy i P noH< nwnhpnvi ) -5- fpror-1 -vl nxv) i mlanff-2- 
15 sarfaazylic acid 

n , vi-^r^Y 1 oaaatosngJ > =5= (nron-1 =rJ nxv) 1 n(1anft- 2 - 

20 

To a slurry of anhydrous LiCl (46 mg, 1.1 mmol) and 
tetrakis (triphenylphosphine) palladium <0) (24 mg, 0.02 

mmol) in dry dioxane (3 mL> was added a solution of 
Methyl (1RS,2RS _ , 3RS) -3- (4-Methoxy-2-trif luoro- 

25 methanesulf onyloxyphenyl) -1- (3, 4-methylenedioxyphenyl) - 
5- (prop-l-yloxy) indane-2-carboxylate (95 mg, 0.16 mmol) 
and tri(but-l-yl)stannylbenzene (319 mg, 0.87 mmol) in 
dioxane (1 mL) . The mixture was refluxed under Argon for 
17 h, cooled to room temperature, diluted with ethyl 

30 acetate (5 ml) and the resulting solution washed 

sequentially with brine and water. The organic layer was 
dried (MgS0 4 anhydrous) , filtered through a short pad of 
silica gel and concentrated in vacuo to yield an oil. 
The product was purified by flash column chromatography 

35 (silica gel, gradient elution from hexanes to 10 % ethyl 
acetate/hexanes) to afford the title compound as a white 
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solid. (92 mg, 86%) . 

b) nas. ?sr. ? sp> -3- <4-MAthnyv-2~nhPnvlphenv1 ) -1 - (3. 4- 
n,oi-hyi <a nAriSnvvT.hPnvn-5-(Drnp-l-vlQxv)indane-2- 

5 rarhnvyHr arid 

To a solution of Methyl (lRS,2RS,3SR)-3-(4-Methoxy-2- 
phenylphenyl) -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 
yloxy) indane-2-carboxylate (80 mg, 0.12 mmol) in dioxane 

10 (2 mL) was added 1M aqueous NaOH (0.3 mL, 0.3 mmol) . The 
resulting mixture was heated to reflux for 48 h, then 
concentrated under reduced pressure. The residue was 
partitioned between dilute aqueous HC1 and ethyl 
acetate. The ethyl acetate extract was washed with water 

15 and dried (MgS04 anhydrous) . The solvent was removed in 
vacuo and the residue purified by flash column 
chromatography (silica gel, 20% ethyl acetate/hexane 
containing 5% of acetic acid) to afford the title 
compound (36 mg, 46%) . 

20 m.p. 199 - 200°C. 

1 h NMR (CDCI3) 6 7.18-7.09 <m, 6H); 6.85 (dd, 1H, J 
* 8.6, 2.1 Hz); 6.71-6.65 (m, 6H),6.36 (b s, 1H) , 5.85 
(s, 2H), 4.59 (d, 1H, J = 10.2 Hz); 4.31 (d, 1H, J = 
25 10.2 Hz); 3.75 (t, 2H, J =7.3 Hz); 3.73 (s, 3H) ; 

3.14 (dd, 1H, J = 10.2, 10.2 Hz); 1.68 (sextet, 2H, J = 
7.3 Hz); 0.93 (t, 3H, J = 7.3 Hz). . 
US. m/e : 540 (M+NH4) + . 

Anal. Calc. for C 33 H3o0 6 • 3/4 H 2 0: C, 73.93; 

30 H, 5.90. Found: C, 74.12, H, 5.80. 

gy&MPT.E 57 

( Ific; , ? s* r<?Ri-3 -f7-r fEi-?-rarhoxve.then-l-vl1-4- 

ffl^ft^YT^Y 1 1 ~ 1 = • *- m » t - hv1 pnprti "xvphenvl > =5= (Prop-1- 
y1nffY ^nH»nA-9-flnrhnyv1ifi acid 
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a) h^y 1 OBSx ^i-a>r?-rfF.)-?-nnrbniiwr . hg«Y- 
rrnpn-1 -y 1 1 -'-tn»*->m*vnnpnvi 1-1 - n 4-mprhYl ene- 

5 i,3-bis(diphenylphosphino) propane (0.066 mmol), 

tris(dibenzylideneacetone)dipalladium(0) (24 nig, 0.026) 
and bis (triphenylphosphine) palladium (II) choride (18 mg, 
0.026 mmol), were dissolved in a 4:1 mixture of 
triethylamine/acetonitrile (5 raL) under argon. After 10 

10 min at room temperature, a solution of methyl (IRS, 2SR, 
3RS) -3- (4-methoxy-2-trif luoromethanesulf onyloxyphenyl) - 
1- (3,4-methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
carboxylate (160 mg, 0.26 mmol) and methyl aery late (679 
mg, 7.89 mmol) was added in the above solvent mixture (3 

15 mL) . The reaction mixture was heated to reflux under 
argon for 20 h, cooled to room temperature and a small 
aliquot analyzed by X H NMR, which showed no reaction had 
taken place. Palladium (II) acetate (6 mg, 0.025 mmol) 
and methyl aery late (679 mg, 7.89 mmol) in dry DMF (5 

20 mL) were then added. The reaction mixture was heated to 
reflux overnight. On cooling the solution was filtered 
through a short column of silica gel and concentrated to 
yield an oil. The crude product was purified by flash 
column chromatography ( silica gel, gradient elution: 

25 10 % to 20% ethyl acetate/hexanes) to afford the title 
compound as a tan solid. (87 mg, 62%) . 

1 H nmr (CDC1 3 ) : 5 8.17 (d, 1H, J = 15.7 Hz); 7.44 
(d, 1H, J= 8.7 Hz), 7.11-7.07 (m, 2H) ; 6.90-6.70 (m, 
30 6H), 6.42 (d, 1H, J = 15.7 Hz); 5.94 (b S, 2H) , 5.04 
(d, 1H, J =7.5 Hz); 4.75 (d, 1H, J — 7.6 Hz); 3.89 
(t, 2H, J = 6.7 Hz); 3.85 (s, 3H) ; 3.85 (dd, IH, J = 
7.5, 7.4 Hz); 3.83 (s,3H); 2.96 (s,3H), 1.79 (sextet, 
2H,'j = 6.7 Hz); 1.03 (t, 3H, J = 6.7 Hz). 
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b) tlESu ?SR - 3SR)-3-r?-f fRWE-Carhnxyftthftn-l-vll^- 
nH^hnvYptiftnyl 1 -1 - f 3. 4-mPl-hyl phpHi nxvphanvl) -5- (PrOP-1- 
ylnvyHnrtans-g-rarhnKvHr affld. 

5 To a solution of methyl (IRS, 2SR, 3SR) -3- [2- [ (E) -2- 
carbomethoxyethen-l-yl] -4-methoxyphenyl] -1- (3, 4- 
methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
carboxylate (80 mg, 0.15 mmol) in dioxane (2 ml) was 
added 1 N NaOH (0.5 ml, 0.5 mmol). The resulting 

10 mixture was heated to reflux for 3 h, then cooled and 
concentrated under reduced pressure. The residue was 
partitioned between dilute aqueous HC1 and ethyl 
acetate. The ethyl acetate extract was washed with water 
and dried (MgSC>4 anhydrous) . The solvent was removed in 

15 vacuo and the title compound was obtained as a white 
solid (73 mg, 96%) . 

* H NMR (CDCI3) : 8 8.32 (d, 1H, J = 15.6 Hz); 7.24- 
6.55 (m, 9H); 6.29 (d, 1H, J = 15.6 Hz); 5.94 (b s, 

20 2H), 5.18 (d, 1H, J = 9.9 Hz); 4.69 <d, 1H, J « 9.9 
Hz); 3.85 (s, 3H); 3.84 (t, 2H, J - 6.9 Hz); 2.94 (dd, 
1H, J - 9.9, 9.9 Hz); 1.79 (sextet, 2H, J ■ 6.9 Hz); 
1.00 (t, 3H, J - 6.9 Hz) . 
H£ m/e : 517 [(M+H)+l. 

25 Anal . Calc. for C30H28O8 : C, 69.76; H, 5.46. 

Found: C, 69.73, H, 5.26. 

F.XAMPT.E -SB 

flftft, 3SR^-?-f?-f?-r.arhnxvf»th-1-v1)-4-methoxv- 
P^nyl 1 -1 - ( 3 . 4-m»i-hYl frnpriioxvphenvl ) -S- (prnp-1-vloxv) - 
30 <nHnti»-2-mrhnxvHr. acid. 

To a solution of (IRS, 2SR, 3 SR) -3- [2- [ (E) -2-carboxy- 
ethen-l-yl] -4-methoxyphenyl] -1- (3, 4-methylenedioxy- 
phenyl) -5- (prop-l-yloxy) indane-2-carboxylic acid (43 mg, 
35 0.08 mmol) in ethanol (5 mL) was added 10% palladium on 
activated carbon (40 mg) . The resulting suspension was 
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stirred overnight under an atmosphere of hydrogen then 
filtered through a pad of celite. The filtrate was 
concentrated under reduced pressure to afford the title 
compound (35 mg, 82%) as a white solid. 
5 lfl WMR (CDCI3) : 5 6.99 (d, 1H, J « 8.6 Hz); 6.78-6.66 
(m, 7H); 6.23 (b s, 1H) ; 5.88-5.87 <m, 2 H) ; 4.88 (d, 
1H, J = 9.7 Hz); 4.54 (d, 1H, J = 9.7 Hz); 3.72 (s, 
3H); 3.70 (t, 2H, J = 7 Hz); 2.98-2.90 (m, 1H) ; 
2.68-2.51 (m, 2H); 1.65 (sextet, 2H, J = 7.0 Hz); 0.89 

10 (t, 3H, J = 7.0 Hz) . 

US (exact mass) M+- : 518.1930 (A = +1.1 mDa for 

C27H26O7) 

By the methods given above in Examples 54 to 
58, the following compounds were made. 

15 fivaMPT.R 59 

M P g.7gp.^R S >-^^-^^"v^tnv1fM0-^-111Prtl0yYPTlPnYl)-l- 
n i- nrr^ °" oH i agtthamd 1 =5= fprop-t -vl nxv) 1 ndnnft-2- 
rarnoffY" ff affid 

20 m.p. 242-246 e C (dec) . 
rnrnmrY 1 ^ arid 

25 Texact 1 m!ssr^ : ' 486.2021 (A = +2.1 mDa for C 30 H 3 0O6> 

pvaMPT.F. 61 



30 rflrnnffYt < n arld 

m.p. 155-156°C. 

Anal. Calc. for C30H32O6 * C, 73.75; H, 6.60. 
Found: C, 73.45, H, 6.43. 
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KXAMPLE 62 

(TBg r ?sr. ^RS^ ^-r?-rarhr>xv-4-methnxvT?hf»nvn-l-(3.4- 
moj-hyi An^riH nyvnhPnyl l -S- (nron-l-vloxv) i nriane-2- 
f»aT-hr>yy1ic arid. 
5 Anal . CalC. for C28H26°8 : c » 68.56; H, 5.34. 

Found: C, 68.61, H, 5.58. 

EXAMPLE 63 

MRS- 3 SR^-^-r9-^-Hvrirnxvethvn-4-mftthOXVt)hftnvl1- 

i - 1 /i- m pi-hvi PnPri^ nwnhPnvi > -5- fproD-1 -v] oxv) j nrian«-2- 
10 narhoxyiic acid 

(exact mass) M+« : 490.1994 (A - +0.3 mDa for C29H30O7) 

EXAMPLE 64 

MRS. 7RR. 3 RR1-^f?-narhoxvmfit:hvl-4-Tnf»1:hoxvPhftnv1)-l- 

15 Lli 4-mnf.hvi Pn^rii oxvphftnvl ) -5- (pron-l-vloxv) indanc-2- 

rarhnvyHr ar-iri 

(exact mass) M+* : 504.1788 (A = -0.4 mDa for C29H28°8> 

EXAMPLE 65 

20 LlESa ZSBu ^sp\-^-fg-fa-Hvdroxvnrnn-1-vl>-4-Tnftr.hQXV- 

phonyl 1 -1 - 12 ■ d baefclUtJ fiDfidJ nyvPhonyl 1 -5- <r>roT>-1 -vl OXV) - 
■inHanP-7-r.arhoxv3ic acid 

US (exact mass) M+- : 504.2143 (A = +0.5 mDa for 
25 C30H32O7) 

EXAMPLE 66 

(Tft?, 9SR. ? ff^'-q-M-rarhnxvphftnv] )-1 .Vhis(3.4- 
m o+-hy1 *>n»H 4 ^vyphgnvl 1 1 — i nrianP-2-rarboxvl 1 r. acid. 

30 m.p. 230-231°C. 

EXAMPLE 67 

fIBff , 2JS&J 3SR l-W4-BPn*v1nxvnhPriv1)-1.3-bifi(3.4- 
f p^^Ylon^^nxv phAnyl HnrianP-?-parhnxvl ir acid. 



35 m.p. 105-106°C. 
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inrr TiTl r n f mnrYT**™" ^nrtane-7-narhnrvl 1n ac i d * 

5 MS. m/e : 512 t(M+NH4) + J. 

EXflMELE 69 

[ tr ans mm-* 2^5=triaI3 4-TnefhvlrnemnyypTienyl)- 
inrtano-^-carboyvl i c acid. 

10 anal. Calc. for C 3 iBfc 2 08.5/8H20 1 C, 69.76; H, 4.39. 

Found: C, 69.81, H, 4.46. 

pvaMPT.F. 70 

n ^ ?? <m r7-Hvnrr"Y-^- m ^ hnyvnhfan vl ) ~ 1 = f 3 ' 4 " 
m r rtiTl rnr rtl aagpnenyJ ) =5= fnrnn-1 -vl nrv) Intiane . 

15 

a) nff c , raws - [ f»-M»fhninnM»i-hnxv1 -4-TnrrhnrYPtif nyl ) L=l= 

A solution of (IRS, 2SR, 3RS) -3- [2- (methoxymethoxy) -4- 
methoxyphenyl] -1- (3, 4-methylenedioxyphenyl> -5- (prop-1- 
yloxy) indane-2-carboxylic acid (0.2g, 0.39mmol) in 
dichloromethane (4ml) and pyridine (28pl, 1.6 mmol) was 
cooled to 0 -C under argon. To this solution was added 
thionyl chloride (60 pi, 0.8 mmol). The mixture was 
25 allowed to warm to ambient temperature over 20 min. and 
the volatiles removed in vacuo. The residue was 
redissolved in toluene and evaporated in vacuo (twice) . 
The residue was dissolved in dichloromethane (4ml) and 
triethylamine (250pl) added. To this solution at room 
30 temperature under argon was added 2-mercaptopyridine-N- 
oxide (120 mg, O.Bmmol) dissolved in dichloromethane 
(lml) . After stirring for 20 min at room temperature 
t-butylthiol (450ul, 4mmol) was added and the mixture 
irradiated for 20 min (150 watt spotlight) . The 
35 volatiles were removed in vacuo and the product 

partitioned between ethyl acetate and 3-M-aq. HC1. The 



20 
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-7/- 

organic extract was washed with water, sat. aq. NaHCOa 

solution and finally brine. After drying (MgS04 

anhydrous) , the product was filtered and evaporated. 

Purification by column chromatography gave the title 

5 compound (0.075 g, 41%). 

3 -H nmr (CDCI3) : 6 7.13 <d, 1H, J = 8.5 Hz); 6.83 (d, 

1H, J = 8.3 Hz), 6.79-6.69 (m, 5H) , 6.54 <dd, 1H, J = 
8.5, 2.5 Hz), 6.51 (br s, 1H) , 5.92 (br, s, 2H) 5.18 (d, 
1H, J = 6.7 Hz, ), 5.15 (d, 1H, J = 6.7 Hz), 4.66 (dd, J 
10 = 10.5, 7.6 Hz, 1H, J = 6.7 Hz), 4.22 (dd, 1H, J = 

10.5, 7.4 Hz), 3.81 (m, 2H) , 3.80 (s, 3H) , 3.43 (s, 3H) , 
2.90-2.83 (m, 1H) , 2.06-1.98 (m, 1H) , 1.73 (sextet, 1H, 
J - 7.1 Hz), 0.92 (t, 3H, J = 7.1 Hz). 

15 b) "BS- ^*S1 = 3= ' ?-HvrtrovY-4-inPl-hny vnhftnvl ) -1 - i 3 . 4- 

mof-Hyi ^n^H-i nwnhpnvi i -5- (prnp-1 -vl oxv) tndane 

To a solution of (IRS, 3RS) -3- [ (2-methoxymethoxy) -4- 
methoxyphenyl) ] -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 

20 yloxy)indane (0.075 g, 0.16 mmol) in methanol (5 ml) was 
added 4-5 drops of 6M-HC1 and the mixture refluxed for 
1.5 h under argon. The solvent was removed in vacuo and 
the product partitioned between EtOAc and water. The 
organic extract was washed with water then sat. aq. 

25 NaHC0 3 solution and finally brine. After drying (MgS0 4 
anhydrous) filtration and evaporation gave the title 
compound (0.064g, 94%). 

*H NMR (CDC1 3 ) : 5 7.11 (d, 1H, J - 8.4 Hz), 6.87 (d, 
30 1H, J « 7.8 Hz), 6.77-6.74 (4 H, m) , 6.61 (br s, 1H) , 
6.50 (dd, 1H, J = 8.4, 2.5 Hz), 6.42 (d, 1H, J = 2.5 
HZ), 5.94 (d, 1H J = 1.2 Hz), 5.93 (d, 1H, J = 1.2 Hz), 
4.74 (s, 1H), 4.43 (dd, 1H, J = 10.4, 7.6 Hz), 4.20 (dd, 
1H, J = 10.7, 7.3 Hz), 3.82 (t, 2H, J - 6.7 Hz), 3.79 
35 (s, 3H), 2.89-2.82 (m, 1H) , 2.15-2.08 (m, 1H) , 1.77-1.71 
(sextet, 2H, J = 7.2 Hz), 0.99 (t, 3H, J = 2.5 Hz). 
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-Ze- 
US (exact mass) M + Found: 418.1782 (A = -0.2 mDa for 

C26H2605) • 

^vaMPT.y. 71 




5 ne m i a s g&g "V 1 ) =5= fnrnn ^ 1 =slssxsi 1 nri a ne 

To a slurry of sodium hydride (5 rog, 0.21 mmol) in 
dimethylformamide (0.5 ml) was added (IRS, 3RS)-3- (2- 
hydroxy-4-methoxyphenyl) -1- (3, 4-methylenedioxyphenyl) -5- 

10 (prop-l-yloxy)indane (0.058 g, 0.14 mmol) at ice-bath 
temperature under argon. After stirring for 15 mxn, 
ethyl bromoacetate (50 pi, 0.2 mmol) was added and the 
solution stirred for 1 h at room temperature. The 
product was partitioned between ethyl acetate and 3M aq 

15 HC1. The organic extract was washed with water, sat. 
aq. NaHC0 3 solution and finally brine. After drying 
(MgS0 4 anhydrous) filtration and evaporation followed by 
chromatography gave (iRS,3RS)-3-(2-carboethoxymethoxy-4- 
methoxyphenyl) -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 

20 yloxy)indane (0.041 g). The product was dissolved in 
hot ethanol (10 ml) and 1 M aq. NaOH added (1 ml) . The 
mixture was refluxed for 1 h then cooled, acidified with 
6M-aqueous HC1 and extracted with ethyl acetate. After 
evaporation the" residue was crystallized from ethyl 

25 acetate/hexane to give the title compound (0.035 g, 
93%) . 

m.p. 177-178 "C. 1 

iff MMR (CDCI3) : & *."18 Cd, 1H, J = 8.5 Hz), 6.87 (d, 
30 1H, J = 8.4 Hz), 6.88-6.71 (4 H, m) , 6.56 (dd, 1H, J = 
8 4 2.3 Hz), 6.53 (tor. s, 1H), 6.41 (d, 1H, J = 2.3 
Hz) 5 91 (br. s, 2H), 4.68-4.60 (m, 3B) , 4.61 (dd, 1H, 
j =10.7, 7.2 Hz), 3.83-3.80 (m, 2H) , 3.81 (s, 3H) , 2.86 
(dt 1H, J =12.4, 7.2 HZ), 2.10-1.98 (m, 1H) , 1.73 
« ?fl j = 7.2 Hz), 0.98 (t, 3H, J » 7.4 Hz). 

35 Hlt~> *-«7«.1.2. <*-*..«-». forc,^,,. 
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EXAMPLES 72-84 
The following compounds were prepared by the 
procedures given above. 

5 (IRS i 2SR, 3SR)-l-(4-Methoxyphenyl)-3-(3,4,5- 

trimethoxyphenyl) indane-2-carboxylic acid; 

(IRS, 2SR, 3SR)-l-(4-Ethoxyphenyl)-3-(3-4- 
methylenedioxyphenyl) indane-2-carboxylic acid; 

10 

(IRS, 2SR, 3SR)-5-Carboxy-l,3-bis(3,4-methyl- 
enedioxyphenyl) indane-2-carboxylic acid; 

(IRS, 2SR, 3SR)-3-(4-Methoxyphenyl)-l-(3,4- 
15 methylenedioxyphenyl) -5- (prop-2-enyloxy) indane-2- 
carboxylic acid; 

(IRS, 2SR, 3RS)-3-(2,4-Dimethoxyphenyl)-5- 
hydroxy-1- (3, 4-methylenedioxyphenyl) -indane-2-carboxylic 
20 acid; 

(IRS, 2SR, 3SR)-3-[5-(2,3-Dihydro)- 
benzfuranyl] -5-hydroxy-l- (3, 4-methylenedioxyphenyl) - 
indane-2-carboxylic acid; 

25 

(IRS, 2SR, 3RS)-5-Hydroxy-3- (3, 4-methylene- 
dioxyphenyl) -1- (2, 4, 6-trimethoxyphenyl) indane-2- 
carboxylic acid; 

30 (IRS, 2SR, 3SR)-l-[5-(2,3-Dihydro)- 

benzfuranyl] -1- (4-methoxyphenyl) indane-2-carboxylic 
acid; 



35 



(IRS, 2SR, 3RS)-l-[3,4-(l,2-Ethylenedioxy)- 
phenyl] -3- (4-methoxyphenyl) indane-2-carboxylic acid; 
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(1RS, 2SR, 3SR)-5-Hydroxy-3-(3,4-methylene- 
dioxyphenyl>-l- (4-methoxyphenyl) indane-2-carboxylic 
acid; 

5 (IRS, 2SR, 3RS)-5-Hydroxy-3- (4-methoxyphenyl) - 

1- (2-methoxy-4, 5-methylenedioxyphenyl) indane-2- 
carboxylic acid; 

(IRS, 2SR, 3SR)-l-(3,4-Methylenedioxyphenyl)- 
10 3- (4-raethoxyphenyl) -5- (propyl-l-yioxy) indane-2- 
carboxylic acid; 

(IRS, 2SR, 3RS)-5-Methoxy-3- (4-methoxyphenyl) - 
1- (2-methoxy-4, 5-methylenedioxyphenyl) indane-2- 
15 carboxylic acid. 

EXftMPLE 65 

Formulations for pharmaceutical use 
incorporating compounds of the present invention can be 
20 prepared in various forms and with numerous excipients. 
Examples of such formulations are given below. 

Tnha 13 "^ EarflailafciaB 

A compound of formula I, (1 mg to 100 mg) is 
25 aerosolized from a metered dose inhaler to deliver the 
desired amount of drug per use. 



30 



35 



40 





P*<r Tablet 


1. Active ingredient 
CCpd of Form. I) 


40 mg 


2. Corn Starch 


20 mg 


3. Alginic acid 


20 mg 


4. Sodium alginate 


20 mg 


5. Mg stearate 


1.3 mg 

2.3 mg 
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EgflCfidurfi fnr tablets 

Step 1 Blend ingredients No, 1, No. 2, No. 3 and 
No. 4 in a suitable mixer /blender . 

5 Step 2 Add sufficient water portion-wise to the blend 
from Step 1 with careful mixing after each 
addition. Such additions of water and mixing 
until the mass is of a consistency to permit 
its converion to wet granules. 

10 Step 3 The wet mass is converted to granules by 

passing it through an oscillating granulator 
using a No. 8 mesh (2.38 mm) screen. 
Step 4 The wet granules are then dried in an oven at 
140°F (60°C) until dry. 

15 Step 5 The dry granules are lubricated with 
ingredient No. 5. 
Step 6 The lubricated granules are compressed on a 
suitable tablet press. 



20 Parpni-pral Formulation 

A pharmaceutical composition for parenteral 
administration is prepared by dissolving an appropriate 
amount of a compound of formula I in polyethylene glycol 
with heating. This solution is then diluted with water 

25 for injections Ph Eur. (to 100 ml). The solution is 
then steriled by filtration through a 0.22 micron 
membrane filter and sealed in sterile containers. 
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CLAIMS : 



1. A compound of formula (I) 



10 




(I) 



wherein: 



Ri is -X(CH 2 ) n Ar or " x ( CH 2)nR8 or 



15 

_J_ toym (c) ; 

20 

R 2 is hydrogen, Ar or (c) ; 

p x is -X(CH 2 ) n R 8'* 

P 2 is -X(CH 2 ) n R 8 , or -XR9 Y ' 

R 3 and R 5 are independently hydrogen, Rii, OH, 
25 C^alkoxy, S'<0) q R U , N<R 6 ) 2 , Br, F, I, CI, CF 3 , NHC0R 6 , 
-XRo-Y or -X(CH 2 ) n R 8 wherein the methylene groups of 
-X<CH 2 ) n R 8 may be unsubstituted or substituted by one or 

more - (CH 2 ) n Ar groups; 

r 4 is hydrogen, R U , OH, Ci- 5 alkoxy, S(0) q R U , 

30 N(R 6 ) 2 , -X( Rll ), Br, F, I, CI or NHCOR 6 wherein the 
cjalkoxy may be unsubstituted or substituted by OH, 

uethoxy - R ^ g ^ ependently hydrogen or C^aUcyl; 

r 7 is independently hydrogen, Chalky! or 

35 (CH 2 ) n Ar'* 
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-77- 

R 8 is hydrogen, R n , C0 2 H, P0 3 H 2 , P(0)(OH)R 7 

or tetrazole; 

R 9 is Ci-ioalkyl« C 2 -i 0 alkenyl or phenyl all 

of which may be unsubstituted or substituted by one or 
5 more OH, N(R 6 ) 2 , C00H ' halogen or XCi-salkyl; 
R 10 is R3 or R4; 

R U is Ci- 8 alkyl, C 2 -8alkenyl, C 2 _ 8 alkynyl all 
of which may be unsubstituted or substituted by one or 
more OH, CH 2 OH, N(R 6 ) 2 or halogen;. 
10 X is (CH 2 ) n , 0, NRg or S(0) q ; 

Y is CH3 or -CH 2 X(CH 2 ) n Ar; 

Ar is: 

R 3 



20 




3/ 



(a) (b) 



naphthyl, indolyl, pyridyl or thienyl, 
oxazolidinyl, oxazolyl, thiazolyl, isothiazolyl, 
pyrazolyl, triazolyl, tetrazolyl, imidazolyl, 
imidazolidinyl, thiazolidinyl, isoxazolyl, oxadiazolyl, 
25 thiadiazolyl, morpholinyl, piperidinyl, piperazinyl, 
pyrrolyl, or pyrimidyl; all of which may be 
unsubstituted or substituted by one or more R3 or R 4 

groups; 

A is C=0, or [C(R6) 2 W 
30 B is -CH 2 - or -0-; 

Zi and Z 2 are independently hydrogen, 
Ci_ 8 alkyl, C 2 . 8 alkenyl, C 2 _ 8 alkynyl, OH, Ci_ 8 alkoxy, 
S(0)qCi- 8 alkyl, N(R 6 ) 2 , Br, F, I, CI, NHC0R 6 , 
-X(CH 2 ) n R 8 , phenyl, benzyl or C 3 . 6 cycloalkyl wherein the 
35 d-ealkyl, C 2 - 8 alkenyl or C 2 _ 8 alkynyl may be optionally 
substituted by COOH, OH, CO(CH 2 ) n CH 3 , CO (CH 2 ) n CH 2 N (R 6 ) 2 , 
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or halogen; or Z x and Z 2 together may be -O-A-O- on 

contiguous carbons; 

Z 3 is Zi or XR9Y; 

q is zero, one or two; 
5 n is an integer from 0 to six; 

and the dotted Une Indicates the optional presence of a 
double bond; or a pharmaceutical^ acceptable salt 

thereof; provided that 
10 - R2 is no t hydrogen when X is S(0) q ; 

• when the optional double bond is present 
there is only one Rio and there is no Pi; 

• the compound of Formula 1 is not (IRS) -1,3- 
diphenylindene-2-carboxylic acid; (cis,cis>- 

15 (IRS, 3SR) -1, 3-diphenylindane-2-carboxylic acid; 

(IRS) -3- [3-Methyl-l-phenyl- (1H) -ind-2-en-l-yl] 
propionic acid; or (lRS)-2[l,3-diphenyl-(lH)- 
ind-2-en-2-yl]ethanoic acid. 

20 2. A compound of claim 1 wherein R X is 

X(CH?)nAr, dihydrobenzofuranyl, benzodioxanyl, 
cyclonexyl, or C^alKyl; R 2 is a moiety of formula (a) 
or (b) , C 1 - 4 alkyl, indolyl or hydrogen; R 3 and R 5 are 
independently hydrogen, OR, Ci- 5 al*oxy, halogen, 
25 -OCi- 4 alkyl Phenyl, RuC0 2 R 7 , C^alkyl, N(R 6 ) 2 , 
NH(CO)CH 3 , -X(CH 2 ) n R 6 , '™9' V***!. phenyl or 
SWpcJallcyl; R 4 is hydrogen, OH, Cl - 5 al k oxy, halogen, 
Cl - 4 alU »CB6)2r NH(C0)CH 3 or 8 (0> p Ci- 5 allcyl; *!* *2 
and Z 3 are independently XR 9 Y, benzyl, hydrogen, OH 
30 Cx-saLoxy, ***** SC0)**-..1*1. *mC0R 6 , X(CH 2 > n R 8 
or halogen, or Z 1 and Z 2 together may be -O-A-0 on 
contiguous carbons; Pi and P 2 are independently 
hydrogen, C0 2 H or tetrazole; Ar is a moiety of formula 
X or (b), Phenyl, or pyridyl and X is (CH 2 ) n or 

35 oxygen. 
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3. A compound of claim 2 wherein R3 is 

hydrogen, -X(CH 2 ) n R 8 or R11CO2R7; *4 a nd R 5 are 
independently hydrogen, OH, Ci-salkoxy, SCi_ 5 alkyl, F, 
Br, Chalky 1 or NH 2 ; Zi and Z 3 are hydrogen and Z 2 is 
5 hydrogen, OH, Ci-salkoxy, halogen, X(CH 2 ) n R 8' NH 2' 

benzyl or NH(CO)CH 3 , or Z 2 and Z 2 together may be O-A-0 

on contiguous carbons. 

4. A compound of claim 3 wherein Ri is a 

10 moiety of formula (b) and R 2 is a' moiety of formula (a) 
or (b) ; A is CH 2 , B is -0-; there is no optional double 
bond; Ri and XR 2 are trans to Pj; Z 2 is OH, Ci- 5 alkoxy, 
-OCH 2 CHCH 2 or hydrogen, Zi is hydrogen; R 3 is hydrogen, 
X(CH 2 ) q C0 2 H or CH=CHC0 2 H, R 4 is hydrogen, substituted 

15 phenyl, or Ci- 2 alkoxy; and R 5 , Rio and P 2 are hydrogen. 

5. A compound of claim 1 selected from the 
group consisting of: 

20 (IRS, 2SR, 3SR)-l-(4-Methoxyphenyl)-3-(3,4-methylene- 
dioxyphenyl) indane-2-carboxylic acid; 

(IRS, 2RS, 3SR)_-5-Hydroxy-3-(4-methoxyphenyl)-l-(3,4- 
methylenedioxyphenyl) indane-2-carboxylic acid; 

25 

(IRS, 2RS, 3SR)-5-Methoxy-3-(4-methoxyphenyl)-l-(3,4- 
methylenedioxyphenyl) indane-2-carboxylic acid; 

(IRS, 2SR, 3SR)-l,3-Bis(3,4-methylenedioxyphenyl)-5- 
30 5-hydroxyindane-2-carboxylic acid; 

(IRS, 2SR, 3RS)-3- (2-Carboxymethoxy-4-methoxyphenyl)-l- 
<3, 4-methylenedioxyphenyl> -5- (prop-l-yloxy) -indane-2- 
carboxylic acid; 
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(1RS 2SR, 3RS) -3- (2-Carboxymethoxy-4-methoxyphenyl) -1- 
(3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) -indane-2- 
carboxylic acid; 

5 (IRS, 2SR, 3 SR)-3-(2-Carboxymethoxy-4-methoxyphenyl)-l- 
(2-methoxy-4, 5-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
• indane-2-carboxylic acid; 

(IRS, 2SR, 3RS)-3-[2-(l-Carboxyethr2-yloxy)-4-methoxy- 
10 phenyl]-l- (3, 4-methylenedioxyphenyl) r5- (prop-l-yloxy) - 
indane-2-carboxylic acid, bis-dicyclohexylamine salt; 

(IRS, 2SR, 3SR)-3-[2-[(E)-2-Carboxyethen-l-yl]-4- 
methoxyphenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-1- 
15 yloxy) indane-2-carboxylic acid; 

(IRS, 2SR, 3SR)-3-[2-(2-Carboxyeth-l-yD-4-methoxy- 
phenyl] -1- (3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) - 
indane-2-carboxylic acid; 

20 

(IRS, 2SR, 3RS) -3- [2- (3-Carboxyphenyl) -4-methoxyphenyl) -1- 
(3, 4-methylenedioxyphenyl) -5- (prop-l-yloxy) indane-2- 
carboxylic acid, 

25 6 A pharmaceutical composition comprising a 

compound according to any one of claims 1 to 5, and a 
pharmaceutical^ acceptable carrier. 



30 



7. A compound according to any one of claims 
1 to 5 for use as an active therapeutic substance. 

8. A compound according to any one of claims 
1 to 5 for use in antagonizing endothelin receptors. 
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9. A compound according to any one of claims 
1 to 5 for use in treating hypertension, renal failure 
or cerebrovascular disease. 

10. Use of a compound according to any one of 
claims 1 to 5 in the manufacture of a medicament to use 
in the treatment of hypertension, renal failure or 
cerebrovascular disease. 

11. A method of antagonizing endothelin 
receptors which comprises administering to a subject in 
need thereof, an effective amount to antagonize 
endothelin receptors of a compound according to any one 
of claims 1 to 5. 

12. A process for the preparation of a 
compound of formula (I) of claim 1 or a pharmaceutically 
acceptable salt thereof, which process comprises 
reacting a compound of formula (II) 



(ID 



wherein Z lt Z 2 , 'Z 3 and Rj. are as described in claim 1 or 
a group convertable thereto, and X is alkyl, with an 
organomagnesium compound of formula (III) 

R2-< CH 2)n- M 9 Br 




" wherein R 2 is as described in claim 1 or a group 
35 convertable thereto, in a suitable solvent 
to provide a compound of formula (IV) 
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(IV) 



which is reduced and thereafter, when desired or 
neCeS :rinSn e cf R l0 (when other than hydrogen) 

through conjugate additon; and/or 

b) alkylation or acylation to give compounds 
wherein P X and P 2 are other than C0 2 H; and/or 

c) conversion Rj., ^ z l' z 2 z 3; 
15 to afford a compound of formula (I) . 
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